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Infra-red link 14 


An invisible beam of light that provides a serial 
data link between your micro and a remote 
device. 


Dragon EPROM blower 


Rounding off our project that extends the 
capabilities of the Dragon computer. 


FEATURES 


Simu LED 


20 
A crafty piece of software that provides an 
indication of the state of the eight bits that form 
the BBC’s user port—far better than hooking up 
a series of LEDs. 


34 


Random access 80 


Not an errant credit card but a look at how a 
knowledge of the way the BBC DFS handles files 
can add flair to your programs. 


° s 
Micrographics 28 
Stand by with your 3D specs as Mike James 
shows you how to add the illusion of depth to 
graphic displays. 


0S9 45 


A Unix like operating system for the 6809 — 
that’s OS9. It's now available for the Dragon so 
we thought it about time we looked at what OS9 
has to offer. 


Intricacies of interfacing 51 


In the second part of his new series, Paul 
Beverley sets out to show just how versatile a 
ViA can be. They’re plenty of practical examples 
as usual with the added bonus that there’s no 
need to resort to machine language 
programming. 


View printer driver 58 


While View is good at handling words it’s not too 
hot when it comes to handling printers. We 
show how to endow View with a full set of Printer 
Driver routines. 
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REVIEWS 


Disk drive survey 74 


With the price of disk drives falling rapidly, mass 
storage is within the grasp of many micro 
owners. We look at the workings of disk drives 
and at some of the more popular models. 


Software file 92 


News, information and updates to our 
comprehensive monthly guide to utility 
software. 


65C€02 microcontroller 24 


Nikam’s microcontroller allows its on board VIA 
to be configured via the BBC’s serial port for 
development purposes. Blowing an EPROM 
from the debugged software provides a stand 
alone control system. 


Commodore’snewmicros 42 


We take the wraps off the latest Commodore 
computers which look set for a rosey future. 


MSX hardware 84 


The promise of MSX hardware has been with us 
for some time now. Recently though a number 
of machines were given the official green light. 
We take a look at the prototype British versions 
of this Japanese dominated standard, 
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And within Your Robot 


Areport on the recent USA robotics 
conference, motors explained, a DIY 
robot and reviews of the latest books 
on this fascinating aspect of 
computing. 
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_NEWSNEWSNEWSNEWS 


Acorn gets 
down to 
business 


Long overdue, ‘Acorn's (second) 


second processor, a Z80 based B 


device, is now available. 


As Acorn rightly claim, with a Z80 | fake 


processor running CP/M, the BBC 
has now become a viable business 
machine in its own right, and one of 
the fastest systems on the market 
for something less than the usual 


price (on a quick calculation, £1,300 fF 
for a full system including disk [ 


drives, printer, monitor, terminal and 
processor). 


The second processor consists of Cx 
a Z80B which, running at 6MHz, is 7 
one of the fastest Z80s available; p> 


and 64K of RAM of which 55K is 


available when running under fa 


CP/M2.2. 


Data is exchanged via the BBC 


tube interface. This gives dual oper- 
ation: the Z80 controls the applica- 
tion program, and the BBC’s 6502 
the I/O, screen and system routines. 

The Z80 runs true CP/M2.2, 


which conforms to industry [ 


standard but allows full access to 
the BBC micro’s own machine OS. 


Programs can use the GSX graphics | 


extension to CP/M. 


The great advantage of CP/M is, | WI@ 
of course, the enormous range of 
software available. A full suite of 
applications software is available | gaa. 
free with the Z80 second processor. [# = 
Included is three office productivity | Betweer 


programs: MemoPlan (wordproces- 


sor); FilePlan (database); and | 
GraphPlan (spreadsheet — with 


graphics). There is also an inte- 


grated accounting system; the | /mese were, for those of you w 


Nucleus System Generator (1984 
RITA software product of the year); 
a selection of additional programm- 
ing languages (CIS COBOL, profes- 
sional BASIC and BBC BASIC) and 
of. course the CP/M2.2 (with GSX 
graphics). 


With the Z80, this extensive range : 


of software should make the BBC a 


very attractive, and perhaps truly | SQl@exeepuor 


professional product. 


At the time of closing for press we | 


have still not managed to resolve the 


problems surrounding the publica- | 


tion of the second part of our 
Memex project. Negotiations aimed 
at resolving the situation are how- 
ever at an advanced stage and we 
expect to be able to publish the 

_ article in one form or another in our 
next issue. 
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Pirates strung 
up by dongle 


Games pirates may rue the day of 
the dongle if other software houses 


} follow the lead of Microdeal, by 


providing a security key with each 
computer game sold. Games pur- 
chasers may not be pleased either, 
as the devices will push up the price 
of a game by £1.50. 

Microdeal are introducing 40 new 
games, each with a security key, 
under the name Tom Mix Software. 
Each key contains two TTL ICs, but 
the manufacturers are understand- 


1 ably reluctant to give more inform- 


ation than that about the composi- 


4 tion. 


Presumably the devices can be 
active, using the 5V supply line of 
the RS232 interface, and the joy- 
stick port can be read directly by 
machine code. Whatever the case, 
Microdeal defy anyone to plough 
their way through the lump of plastic 
and resin to either break the key or 
construct their own, 


QL owners 
frustrated 


| Prospective QL owners might be 


interested in the latest piece of QL 
gossip: that machines are being 
sent out by Sinclair minus the 
SuperBASIC programming section 
of the manual and, in some cases, 
minus leads! 

Little letters are hidden away in 
the box promising delivery of the 
missing parts ‘within 14 days’. 
Needless to say our contacts have 
not yet received the absent goods 
and the 14 day deadline is long 
gone. ; 

PS. Next month we will have news 
of lots of lovely QL bugs, of both the 
hardware and software variety. 
Watch this space. 


| Eagle-eyed bargain hunters will 


have noticed a particularly attractive 
deal in last month's E&CM. The 
Twillstar advert on page 25 featured 
an EPROM programmer for only £5. 
Now we've heard of shaving mar- 
gins to the bone but £5 is rather too 
good to be true. The price for the 
programmer should have been 
shown as £59. The error occured 
because, and here we have to intro- 
duce a technical printing term, the 9 
dropped off our artwork. 

Our apologies to Twillstar for any 
inconvenience the error may have 
caused. 
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NEW 


computer 


The Epson PX-8 portable 


Pictured above is one of a range of BBC ROM extensions from Ramamp computers. 


The ROM extension unit accepts up to four ROMs. These are inserted into card 
sockets which are then plugged into the board (price £45.80). Also available is a 
ROM extension board (6 extra slots, price £26.80). A RAM-ROM board (price 
£33.50) and an intelligent EPROM programmer (£78.00). Ramamp Computers, 25 


Avon Drive, Whetstone, Leicester. 


PX portable 


Epson, the company who broke 
new ground in 1982 with the first 
truly portable business micro, the 
HX20, have replaced that machine 
with the PX-8, an A4 sized machine 
weighing less than four pounds 
which runs the Digital Research 
CP/M operating system. 

The PX-8 uses a flip-up LCD 
to give a larger screen format than 
the HX20, of 80 characters by 40 
lines. The PX-8 includes a full range 
of built-in business software on 
micro-cassette: WordStar, Calc, 
Scheduler and address file. 

The portable offers up to 184K 
RAM with 64K as standard. Inter- 
faces include A/D, RS232C, bar 
code reader and universal expan- 
sion port. The PX-8 is priced in the 
affordable sub-£1000 bracket at 
£798 for the standard machine and 
£998 with RAM pack extension. 


WSNEWSNEWS © 


Nine machines | 
— one standard 


At a recent press briefing, the 
principle members of the MSX 
group gathered together to sing the 
praises of their standard for micro- 
computers. The occasion turned 
out to be rather a non-event as none 
of the manufacturers gathered 
under the MSX banner were pre- 
pared to make any announcements 
as to price or delivery of their incar- 
nations of the MSX formula. Some 
hardware was on display but the 
computers were all models 
designed for the Japanese market 
and nobody was saying how many 
changes would be incorporated in 
the versions due for the UK. 

The CETEX trade show a few days 
later saw some of the MSX 
licencees displaying their wares but 
firm commitments to price and 
delivery were still not forthcoming. 

For a fuller account of the MSX 
standard and a look at some typical 
hardware see our MSX report . 
elsewhere in this issue. 


Where to get 
your 


Interbeeb 


Following our review of DCP 
Microdevelopment's in last month's 
issue of Your Robot we have been 
asked to point out that any company 
interested in distributing the device 
should contact DCP direct at 2 Sta- 
tion Close, Lingwood, Norwich, 
NR13 4AX, 

Technical enquiries should be 
directed to Cambridge 833902 
while production enquiries will be 
dealt with on Hemel Hempstead 
64225. 


New heights of realism for games players 


The potential of home computers for 
the application of sophisticated 
{and not a few crude) games of 
strategy, action and real time simu- 
lation is beginning to be realised in 
some games now coming onto the 
market. 

Ant Attack was the first to break 
new ground with four different 
perspectives and true 3D in an 
arcade game. In the field of simula- 
tion, Acornsoft's recent release, 
Aviator, rivals the IBM PC version of 
an aircraft simulator, with stunningly 
real handling and speed of a spitfire 
flying over a 3D (black and white) 
wire graphics landscape. 
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Two products released in the last 
week have overcome the boredom 
of text-only adventure, but each 
from a different approach, and have 
taken strategy into the realms of 
arcade action. 

The first, Mugsy Hits Town, from 
Melbourne House, is essentially a 
text based adventure game, with a 
difference. 

Mugsy is claimed to be ‘the first 
interactive computer comic strip’. 
Mugsy is our hero, a gangster from 
the East Side who shure don’t 
shpeak too well. His one aim is to be 
the baddest cat in town; to do this, 
he gotta boy de mob’s artillery and 


ammo, organise de_ protection 
rackets, bribe da cops, and most 
important of all, he gotta make a 
totta dough — before Rocco puts out 
a contract on him. 

Mugsy Hits Town uses excellent 
cartoon graphics drawn by Russell 
Comte using the Melbourne Draw 
graphics utility. Decisions have to 
be made in the standard adventure 
games fashion, but at certain stages 
of the game fire power is all 
important. 

Beyond Software's new game for 
the Spectrum takes the unity of 
adventure, strategy and arcade 
action one step further. Psytron has 


a total of six highly detailed screens 
with different action occurring in 
each one, that is, real-time arcade 
action. But at the same time the 
player must control a complex 
range of resources in order to main- 
tain his defences. 

The possibility for serious appli- 
cation of such a level of sophistica- 
tion in education is quite apparent. 
Accurate simulation of a variety of 
situations, actions, and decision 
making processes is now within the 
grasp of home micros, as well as 
mainframes and minis. All we have 
to do now is remember that in real 
life the smash ups and tears are real. 
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FEATURE 


Wires get tangled, light doesn’t. Using this 
infra-red transmitter/receiver you can link 
a keyboard to a computer, a computer to a 
robot, a control system toa... 


This data link is designed to handle serial 
data at baud rates of up to about 300. The 
data is carried by a modulated infra-red 
beam so that no connecting wires between 
the transmitter and receiver circuits are 
necessary. Possible applications for the 
unit might be within a “wireless” keyboard 
or controller for a computer system, or to 
provide the link between a computer and 
some form of robot. A lack of connecting 
wires could be especially useful in the latter 
application. 

The receiver accepts ordinary TTL type 
(nominal 0 to 5 volt signals), and the trans- 
mitter provides an output of the same type. 
Both circuits require a single 5 volt supply 
which can conveniently be provided by 


Figure 1. Block diagram of infra-red data link. 


four NiCad cells wired in series if battery 
operation of either unit is needed. The 
system works well and with few directivity 
problems at distances of up to about 1 to 2 
metres. It will operate over an absolute 
maximum distance of approximately 6 to 7 
metres, but alignment of the transmitter 
and receiver diodes will inevitably become 
much more critical. Also, due to the high 
gain of the receiver, it is essential to ensure 
a low level of stray pick-up from any other 
equipment used in the overall system. 


Data links often make use of frequency 
shift keying (fsk), where the transmitter 
provides two output frequencies (one to 
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represent alow logic level, and the other to 
represent a high logic level). This: equip- 
ment uses a somewhat simpler system 
where one logic level is represented by:an 
output frequency, but the other is simply 
represented by no signal at all: This system 
has been adopted due to the use of an 
NE567 phase locked loop (PLL) tone 
decoder as the basis of the receiver circuit. 
The block diagram of Figure 1 shows the 
make up of the system. 

Of the two sections of the equipment the 
transmitter is the more simple, and is basi- 
Cally just an audio oscillator running at a 
frequency of several kilohertz, The input 
signal is used to key the oscillator on and 
off via an Inverter. stage, and this stage is 
merely needed to avoid having a phase 
inversion through the overall system. The 
output current capability of the oscillator is 
inadequate for driving the infra-red LED 
properly, therefore a simple power 
amplifier is used to give a greater drive cur- 
rent. 

The. output from an infra-red LED is not 
very strong, and the signal. voltage. pro- 
duced at the receiving diode is extremely 
smaill..A simple DC link would be unusable 
at a range of more than a few millimetres 
since, at greater ranges, the signal from the 
transmitter would be. swamped by noise, 
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and things like temperature drift could also 
make such a system unusable. 

The use of a pulsed infra-red beam is 
much more practical since high gain audio 
amplifiers at the receiver can be used to 
boost the signal up to the level required to 
drive some form. of tone detector. This 
avoids problems with temperature. drift, 
and as the tone signal is less affected by 
noise problems, a much greater range can 
be obtained. The main drawback of this 
method is that the maximum data rate 
which can be handled is substantially less 
than a simple DC system, but this is a price 
that has to be paid to obtain a useful 
maximum range. 

The: receiver has a: single stage. pre- 
amplifier followed by a two stage high gain 
audio amplifier. The seven other stages of 
the unit are all provided by the NE567 PLL 
tone decoder plus a few discrete compo- 
nents. A fairly conventional phase locked 
loop circuit is used in the NE567, with the 
input signal and the output of a current 
controlled oscillator being fed to the two 
inputs of a phase comparator. The output 
signal from the phase comparator is fil- 


tered and amplified to give a DC control | 


signal for the current controlled oscillator. 
This arrangement locks the oscillator onto 
the same frequency as the input signal, 


and also keeps it in phase with the input. If 
it should lag behind the input signal, then 
the output voltage from the phase com- 
parator, filter, and amplifier circuits rises 
and gives a stronger control current to the | 
oscillator. This boosts its operating tre- 
quency to bring it in line with the input sig- 
nal. Conversely, if the oscillator should run 
ahead of the input signal, the control cur- 
rent to the oscillator is reduced, and its 
frequency and phase are brought back in 
line with the input signal. 

Normally, in a tone decoder application, 
it is the output voltage from the phase 
comparator, filter, and amplifier combina- 
tion that is of interest. This rises and falls in 
sympathy with. the input frequency, and, | 
using a two-tone fsk input signal this gives | 
two output voltages. It is quite easy to pro- 
cess this signal to give standard logic level 
outputs. The NE567 uses a different and 
unconventional approach, but. one that 
nevertheless seems to work extremely well 
in practice. 

Some of the input signal is fed to. a quad- 
rature phase comparator where the phase 
of this signal is compared with that of the 
current controlled oscillator. The quadra- 
ture phase comparator is really a form of 
electronic switch, and it effectively allows 
the input signal to flow through to the out- 
put during positive output half cycles from 
the current controlled oscillator. When an 
input tone is present, it results ina series of 
positive output pulses with the input signal 
half wave rectified. Thése pulses are 
smoothed by a lowpass filter circuit to give 
a strong positive DC signal. This is fed to 
one input of a voltage comparator, while 
the other input is fed with a Gower) refer- | 
ence voltage. This sends the output of the 
comparator high and activates a switching 


The completed transmitter. 


transistor at the output of the circuit. 

The situation is very different in’ the 
absence of an input tone. The input signal 
is random noise which will sometimes be 
positive-going, during positive output 
cycles from the current controlled oscil- 
lator, but will just as often be negative- | 
going. The output potential from: the low-_ 
pass filter is the average of the input signal 
voltage, which in this. case is roughly zero. 
This sends the output of the comparator 
low and switches off the output transistor. 
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Thus the system gives what is effectively a 
DC coupling from the input of the trans- 
mitter to the output of the receiver. 


e s e 
Transmitter circuit 
The transmitter. is built around the ever 
useful 555 timer device, and the full trans- 
mitter circuit appears in Figure 2. 


Figure 2. Transmitter circuit diagram. 


IC1 is a standard 555 astable oscillator 
circuit with an adjustable output fre- 
quency. VR1 is trimmed to bring the output 
frequency within the narrow lock range of 
the receiver. The inverter stage is based on 
TR1, and With a low input level this gives a 
high control signal to pin 4 of IC1 and 
enables oscillation. With a high input level, 
pin 4 is taken low, oscillation ceases, and 
IC1's output goes low. TR2 is an emitter 
follower buffer stage which enables the 
fairly high drive current of about 100 
milliamps for D1 to be readily achieved. R6 
is a current limiting resistor which controls 
the LED current. The specified value of 22R 
gives about the highest safe current using 
a single LED, and a lower value should not 
be used. With the oscillator diabled and the 
output of IC1 in the low state D1 is 


Figure 3. Receiver circuit diagram. 


switched off and no significant LED current 
flows. 

The current consumption of the trans- 
mitter is about 55 milliamps. 


Receiver circuit 


Figure 3 shows the circuit diagram for the 
receiver unit. 


D2 is the infra-red detector diode, and 
this is a sensitive device which has an 
integral infra-red filter to reduce interfer- 
ence from visible light sources. It is con- 
nected so that it is reverse biased by R7, 
and the leakage current of the device 
depends on the infra-red level to which it is 
subjected (increased level giving increased 
leakage). Therefore the pulses of infra-red 
from the transmitter give small negative 
output pulses from the junction of D2 and 
R7. 

TR3 is used as a common emitter 
amplifier, and R10 is used to give local 
negative feedback which reduces the 
otherwise excessive voltage gain of this 
stage. The amplified signal is coupled by 
C5 to two common emitter amplifiers 
which provide most of the circuit’s voltage 


gain. The values of the coupling capacitors 
have been made as small as possible and 
are consistent with efficient coupling at the 
frequency of the input signal. This severely 
attenuates 100 Hertz mains hum which is 
generated by mains powered lighting, and 
which might otherwise greatly reduce the 
efficiency of the system. 

IC2 is the NE567 phase locked loop tone 
decoder. R16 and C8 are the timing 
components for the current controlled 
oscillator. C9 is the capacitor in the low- 
pass filter at the output of the phase com- 
parator, and this operates in conjuction 
with an internal resistor of IC2. C10 is the 
smoothing capacitor at the output of the 
quadrature phase comparator. The internal 
switching transistor at the output of IC2 
has an open collector output, and R17 is 
the discrete load resistor for this. 

The receiver has a current consumption 
of about 10 milliamps with no Input tone, 


The completed receiver. 


and around 25 milliamps when locked onto 
the signal from the transmitter. 


Construction 


Both circuits are built on small printed cir- 
cuit boards, and these are illustrated in 
Figure 4 (transmitter) and Figure 5 (re- 
ceiver). There is nothing unusual in the 
construction of either board, and there 
should be no difficulty in building them. 


Figures 4 and 5. 

Left, transmitter PCB and +5V 
overlay. ov 
Right, receiver PCB and 

overlay. 


(EARTH) 


The only point to watch is that D1 is 
mounted with the sensitive surface (the 
one opposite the surface carrying the type 
number etc.) facing away from C4, TR3, 
etc. Of course, D2 can be mounted off- 
board if this would be more convenient, but 
due to the high sensitivity of the circuit it 
must be connected to the board via a piece 
of good quality audio screened cable. 
When in use the infra-red output from D1 
must be directed towards the sensitive 
surface of D2, but at short distances even 
with D1 aimed well off target the system 
will probably operate well. However, when 
used near the maximum range it is essen- 
tial for the unit to be optically aligned 
properly, and for VR1 to be adjusted cor- 
rectly, When initially testing the system, 
place the two units quite close together 
with D1 aimed at D2, and leave the non- 
earth input of the transmitter unconnected 
(so that the oscillator is enabled). If the out- 
put voltage of the receiver is monitored, it 
will almost certainly be about 5 volts, but 
by carefully adjusting VR1 it should be pos- 
sible to lock the receiverjonto the transmit- 
ter’s output signal, and the output of the 
receiver high and low should then result in 
the receiver's output always switching to 
the same state, but if the circuit proves to 
be unreliable slight readjustment of VR1 
should: cure this. It is then advisable to 
move the transmitter and receiver two or 
three metres apart and then repeat this 
procedure to ensure that VR1 is set for 


optimum performance. 

Although only one diode is used in the 
prototype transmitter, increased range and 
reduced directivity can be obtained by 
using three or four diodes. TR2 is capable 
of driving this number of diodes without 
difficulty, but these should each have their 
own 22R series resistor, and they should 
be connected in parallel. Bear in mind that 
the current consumption will increase by 
about 50 milliamps per additional diode. 

Obviously the way in which the system is 
used will depend upon the particular appli- 
cation you have in mind. In computing 
applications the system is most likely to be 
used with RS232C style serial data, and a 
UART would then be used to convert 
parallel data into the desired serial format 
for transmission. Although not designed 
for use with signals at RS232C levels 
(nominally -12 and +12 volts), the trans- 
mitter seems to work perfectly well with 
standard RS232C signals and it can there- 
fore be driven from the serial port of acom- 
puter. At the receiver another UART would 
be used to convert the serial data back into 
its original parallel form. Although not at 
proper RS232C levels, the output of the 
receiver will in fact directly drive the serial 
input of most computers properly, with the 
provision that a short connecting cable is 
used. 

An important point to bear in mind is that 
computer equipment is very good at 
generating electrical noise, and if picked 


up by the receiver due to some form of 
stray coupling the useful range of the 
system could be greatly reduced. If neces- 
sary, the receiver board must be 


adequately screened and the supply to the 
receiver must be reasonably noise free. 


SOFTWARE 


SIMU-LEDS 


For those of you who like to keep the inner 
workings of your Beeb under observation, 
Mike Williams has written two short 
programs to show what those bits are doing 


at the user port. 


Look inside a computer and it is hard to 
believe that anything is actually happening. 
As with most electronic devices the 
electrons go about their business and 
don't advertise their presence. Hence the 
array of meters, oscilloscopes and other 
tools that we use to show us what is going 
on. When experimenting with the user port 
for example, one of the first projects for 
many people is the construction of a bank 
of LEDs to the front panel of indicator lamps 
without which early computer hackers felt 
lost; the programs described in this article 
will allow you to do just that, and without 
any hardware to get in your way. They are 
of particular value if you are working with 
the User Port for control or monitoring 
purposes and would like to be able to see 
the current state of the various bits. 


eo 
Simu-LEDs 
The programs make use of the event 
routines provided by the BBC MOS. These 
were mentioned briefly in Mike James 
article on the BBC MOS (E&CM December 
1983). When certain events occur, such as 


SIMU-LEDS 1 
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260led=codex+%/O 
27)noled=c ndexn+hBn 
2ACscreen=h8)2 
SOOVDII2Z8 .0,32,37,1 
$ive 

S2ZOREM Led arn 

330! led=kFESF473% 
340led!4=833478F FE 
S50Led '8=2971F 2ECC 
36d) ed! &C=&CCTE ILE 97 

370: 

SBOREM Led off 

390! nol ed=2688844 33 
400n01 ed | 44h3344886e 
41Onoled‘S=kL111220C 
420n0led!&C=8CC271111 
430ENDPROC 

44d 

4S50DEF PROCassemble 
460F0R PASS=0 TO 2 STEP 2 
470P%=c oder 

480COPT PASS 


REM modify as neceeary 
REM 
3 “mem oc 


490LDA #(code4+18) MOD 256:STA &#20 \ redirect Fvent vectors. 


SOOLDA #(code%+18) DIV 2546:STA &221 


SIOLDA #1£4:LDX #4:05R &FFF4 \ enable video syne event 


S20RTS 


choose the byte to te obser vec 


REM &80 and St only page 0 used by this routine, 
: REM Mode 1 text winittow.Far Mode 5 - 


a key being pressed, the operating system 
interrupts what it is doing and jumps via a 
vector to a set of routines which deal with 
the event. In the case of the key press for 
example, the key value may be stored ina 
buffer. That is why you can type into the 
computer even while it is running a 
program and it stores what you have typed 
in. 

Certain events can be re-directed so that 
the user can make his own thing happen 
when the event occurs. In my programs | 
wanted eight simulated LEDs to appear on 
the screen showing the state of the output 
port. By using the screen refresh event 
which happens every fiftieth of a second, 
the ‘LEDs’ will in effect continuously 
display the port state. 

Listing 1 gives the program to do this. It 
works in either Mode 1 or Mode 5. The 
memory location which is to be observed is 
chosen in line 240. Once the program is 
run, the ‘LEDs’ are visible at the top of the 
screen and they will continue to monitor 
the chosen memory location until Break is 
pressed. Changing to Mode 5 gives larger 
LEDs, albeit non-circular ones. 


S30T k@: PHA 

S40LDA &355 

SSOCMF #1: BEQ model 
S60CMP #5; BNE home 
S7OLDA #&0;STA screen 


The code is assembled at &C00. It is fully: 
relocatable and line 230 could DIM 
code%150, but | like it tucked out of the 
way. PROCinitialise first disables the video’ 
event just in case it is already running. 
Nasty things could happen in that case, ’ 
After setting up some variables, the LED’ 
shapes are input witha pling’. If you wantto © 
use SimuLEDs in Modes other than 1 or 5% 
then you will have to modify the pling® 
values as well as the screen addresses in 
lines 570 to 620. 

The assembled program starts up set- | 
ting the event vector at &220 to point to! 
the code starting at line 530. The current ¢ 
Mode is tested (on OS1.2 the Mode is ; 
stored in &355), if it is neither 1 nor 5 the» 
routine returns, otherwise the appropriate * 
screen addresses are set up. 

The memory location is then read and is’ 
shifted bit by bit to the left. Each time it is 
shifted, a bit drops into the carry. If itis a1 § 
then a nice red LED is poked onto the? 
screen, otherwise an unlit LED is shown. © 
The screen address is increased to give a‘ 
line of LEDs and after 8 bits the routine’ 
ends. 


2a R% 1) FORRX@BTO2ORS : HF 


Despite the advice in the User’s Guide | 
(P:465) it only appears to be necessary to 
save the X-register. | have had no problems * 
doing this. 


“Non-hackers note: A pling is the ‘!’ symbol used ; 
on the BBC as the word indirection operator, * 
affecting four bytes. : 


\current mode 


SBOLDA #858:STA screent+1 


S9OBNE start 
600, model 


SICLDA #&70:STA screen 


620LDA #&31:5TA sereentl 


630.start 


640LDA memlorc:STA tempAstore 


SSOLDK #8 

660, next bit 

670CLC 

G8ULDA screen 

S90ADC #32:25TA screen 
7UOLDA ser eenti 


7ICADE #0:STA screentl 


#20L0Y 
7S0ASL tempAstore 
F@ORCE: led _ ott 
750.0n LDA led,yY 
/O0STA 
7 7CDE¥ 
JBORFI. ony 

7PODEX 

BOUENE nest pit 
BICBED nome 

FL. led ott 
HAMLDA noled,¥ 
H4aUSTA (ccreen}.r 
aS0vEY 
BeRtTL 
B7ODEX 
BBOBNE next bit 
a%0.home PLA: TAKIRTS 
895.tempAstore Bht 
em | 

GIONEXT PAS 
F20ENDPROC 


#15 


Bg STy AF ys 


iscreen),+ 


led of4 


FSOREMN etart 72=meaiac 
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\oumber of bits in a oyte 


\next led screen aduress 


\sizve of the led shapes 


SURKEM start Tl=memiac MI) 2546 
DIV 


256 
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The memory location given in line 240 is 
that of one of the VIA timers, and | chose it 
so that you can see something going on 
when you first run the program. By 
changing it to &FE60 you can monitor 
inputs and outputs on the user port. In that 
case you “SAVE the assembled code and 
“RUN it as part of a program involving the 
user port. By setting the text window as 
shown, the LEDs can be isolated at the top 
of the screen. It is possible to change the 
address being examined by directly poke- 
ing itin. To do that you should first find the 
address of ‘start’: (If the routine is at &COO 
then start = &C31}. Then: 


JIE TEE EPEAT RHE IE EE at HE Ue EE at 
wm 1 MUI LGW we 
oh by +e 
Lal M.E.Williams a 
bas CIBIEE (| EPR FE IRR aE EE ea eae RE IR IE aE ke eat 
1a 
J éOMODE1 
L7oON RA ROR GOTO 2 Sie 
(HorPRUL ari tialace 
PYF assemb } 2 
COOPRUC Ad PS Ses 
PO CURLY coche 


He KE Fh 

SUR ON PAR fo 20)" Mm 

SSOUNPLA TAS <6  cho'Mamtoc &"memlout 

MWiF oembacés"” (HEN 25 
memloc ee Vel, 08! +mem Looe) 
Lrocnenloc. a F THEN PRINT ' Aico. 

Pkt By 

SOOPALiact de as Ses 

SLOUNT IL FALSE 

sean eae 


Addie 
SoQREF PACK ind ti ala se 
36UIREM disatile video synch event. 
SFOer ELS a 
SRO ote wees 
Sars 
AOL emer cochlear Feise b 
4 LCericel gcd a 
4 SO meh ees ROSS a 
FSU ce eer sRdsO REM root a rie 
44s 
450 Rb he lech ore 
Aviat! Leechs 
‘fhe! 
$60 led 
APL aed ts 
Saas 
eats HSE Lad at 

hracad ech, BRINGS a2 
Vy Ler] | bee 


FEM fully relacateaole 


© K18. MO Shas hT 
\ #(codex+ig) DIV 25624 
f #14: LOX #4: 05h SFFRF4 


\save X register 
\current made 


oqo) KA: PHA 
O70 Da eS 

Ait * #1 
Eo HHOme 
FOOL DA RO 
A1LO57TA screen 
AOOLDA HS? 
*S0STA scr eentl 
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zero plage please.” 


something to look at. 
uses £80 and #81 trom © page. 


\ change event 


\ enable video sync event 


Venter routine only i+ tiede i 


\eet screen position for bottom led 


?(start+1)=memloc MOD 256 
?(start+2)=memloc DIV 256 


The routine can be disabled at any time by 
*FX13,4 and can be re-enabled by *FX14,4. 
As a quick check to ensure that the 
software is running correctly, change line 
240 to memloc=&FE62 and RUN. Then: 


FOR A% = 0 to 255: ?&FE62 = A%: FOR 
B% = 0 to 2000: NEXT B%: NEXT A% 


The routine counts from 0 to 255 over the 
eight simulated LEDs, and includes a delay 
loop to allow the changing light sequence 
to be visible. 


Simu-LEDs 2 


The first Simu-LEDs program enables us to 
monitor one memory location. If you have 
ever seen Computer Concepts Disc Doctor 
chip pointing its MZAP function into 
various parts of the memory map you will 
have observed that some bytes are 
constantly changing. Simu-LEDs 2 allows 
you to monitor eight consecutive memory 
locations and reveal the changing bit 
patterns. 

The program is similar to Simu-LEDs 1; it 


1.$tart 

FOLDY n of bytes 
760LDA memloc,Y 
7705TA tempAstore 
PBOLD 

7F0O. NON 

Rac 

BLOLDA screen 
B20ADC #22 

BSOSTA screen 
840LD4 screentri 
BSOADL #0 

S60STA screentl 
B7OLDY #1%5 

B8aASl tempAstore 
BSGHCL led of 4 
F7oOC.an 
FLOLDA 
FZ0STA 
FSODEY 
F40BPL. on 

OO0ODE X 

S6OBRBNE next fit 
P7OBEO next. memloc 
9BO.led oft 

FSULDA noled,¥ 
1ONO5TA (sicreen),¥ 
1c ODE Y 
LO2ZOBFIL 
I CKEODE X 
LO4OBNE next bit 
1050. next _memloc 
10 I60DEC “n_ of bytes 
i“ PEE) meme 

HE 7 
screen 


led,* 
(screen) ,¥ 


:GOTO 240 


led of f 


ec reeiit 1 
#6 
acreent 1 

1140; iF start 

Lat. home 

LI40LNA #H 

117OSTA n_of_pytes 


1iSuR MS 
1fOU60 
1210, 
220] 
aRONE XT PAGS 
40rren of 
HE NDPROC 


Lot bytes BRE 
tempastare ERK 


vectors 2? 11k: F 


FUR OR Mae Tbe 


UPA DAH CIR arr) se" 


THEA 
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\ B memory locations 


\ mave up & lines 


PROCaddredses 
280?(start+4)—memloc MOO 256: ?(start+5)=memloc DIV 256 


set 
Wacky, V1 9 


SOFTWARE 


had to be modified to allow 8 successive 
locations to be loaded into the | 
accumulator and then examined. The 
copious assembler elements should make 
its operation clear. 

Once assembled the screen should 
show eight rows of ‘LEDs’ starting at 
address &293. These should be changing, 
especially &29A. They are in fact used by 
the TiIML routine. Try the following: 


Press <escape> The LEDs should still 

be working 

Enter — TIME 0 LEDs &276 to &29A 

should clear 

Now you can observe the ‘clock’ 
counting the centiseconds. 

Enter — TIME=&FFFFFOFF sets the 

LEDs after a while to &296 increments. 
Another ‘clock’ starts at &295. 

Other fruitful areas for investigation are: 


&1D0 Part of the stack. Try scrolling here 
&FE40 The system VIA 
&FE6O The User Port 


The program could be modified to allow 
scrolling through memory, but | leave it for 
you to implement. Happy hunting! | 


\ruunber af locations to examine 


\number of bits in a byte 


\next led screen address 


\move 2 spaces right 


\size of the led shapes 


dene 


\ready tor next tome 


Cmem larch kd 


text windidw below leds 


»2020L52ENu 
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6502 MICROCONTROLLER 


The Nikam 65C€02 controller for the BBC puts an end to cracking 
control problems with a sledgehammer. Vincent Fojut puts the 


The current low price and sophistication of 
microprocessors make them the most 
cost-effective (and powerful) candidates 
for many dedicated control applications, 
with robotics being a prime example. How- 
ever the development of such projects can 
often present a dilemma to the average 
hobbyist. On the one hand, the compact 
hardware of a small, single-board micro- 
computer may suit the application admir- 
ably, but software support is often very 
crude. Conversely, personal micros like 
the BBC computer have excellent software 
development facilities, but are not neces- 
sarily appropriate from a hardware point of 
view. (Can you honestly imagine a micro- 
mouse carrying a Beeb on its shoulders?). 

A neat way of resolving the conflict is 
offered with a new microcontroller board, 
from Nikam Electronics. Not only is the 
board small and light enough for most 
demands, but it also provides a “software 
UART”, which allows program develop- 
ment to be carried out on the BBC micro, 
and downloaded into the microcontroller 
via the RS423 port. 


Package details 


The microcontroller circuit board is cer- 
tainly compact, measuring a mere 6 x 3 
inches. The board is populated with a 


board to the test. 


65C02 microprocessor, up to 4K of CMOS 
Ram (6116's), a 2K monitor in a 2716 
Eprom, and a 6522 VIA providing I/O and 
timers. To allow connection with the BBC 
micro for software development, the board 
plugs via a 24-way edge-connector into a 
small motherboard. This houses a voltage 
converter and buffers for RS423 1/O levels, 
plus a reset switch, and Mulex connectors 
for interfacing the VIA ports. An RS423 
connector and lead are also provided. The 
required +5 volt supply can be taken from 
the Beeb’s PSU, or any other suitable 
source. A manual completes the package, 
containing various notes, circuit diagrams, 
memory map, and three BBC program list- 
ings. 

The first of these is a short “terminal” 
program (see Listing 1), needed to interact 
with the Nikam microcontroller via the 
serial port. The second details a “fast 


program testing. Finally, a short demonst- 
ration program is supplied, which, with the 
aid of a small amount of hardware, allows 
the user to familiarise himself with the 
system, and ensure satisfactory operation. 


Monitor commands 


The monitor supplied comes with a range 
of 5 simple commands (see Table 1) 
designed to provide a minimum level of 
support for the BBC RS423 interface. The 
following facilities are covered:- memory 
dump, memory load, fast memory load, 
execute (“Go”), and single-step. 

So, what are the stages involved in 
developing a control application? Firstly, 
using the BBC microcomputer’s built-in 
6502 assembler, programs can be written, 
and, to some extent, tested and debugged 
on the BBC micro itself — for example, 
using the user-port to interact with the 


“The Nikam board is small, light and provides a 
software UART”. 


loader”, which is used to download a con- 
tinuous block of assembled machine code 
from the Beeb into the microcontroller’s 
user Ram, at &4000-&47FF. This can be 
made to simulate Eprom during “in situ” 
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external devices. The time eventually 
comes, however, when the program needs 
to be tested with the very hardware on 
which it will ultimately run. Often, in this 
case, the only option available to the 
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hobbyist is to burn the program onto 
eprom, plug it into the dedicated device, 
and hope for the best. When the inevitable 
bug appears, the eprom is erased, repro- 
grammed, and the cycle repeated. If 
several bugs are present (and they are 
rarely solitary creatures!), the whole pro- 
cess can be very frustrating, not to mention 
time-consuming. 

Fortunately, the Nikam microcontroller is 
far more convenient to use. Once a pro- 
gram is assembled on the Beeb, it can be 
downloaded into the microcontroller’s 
RAM (using the “Fast Load” command), 
then made to behave exactly like an 
eprom. This is achieved by changing two 
jumper links on the board. 

The first of these links determines from 
which address the reset vector is retrieved. 
In its default position, this is normally at 
&FFFC and &FFFD (in the monitor eprom). 
However, if user RAM is at its usual address 
of &4000 to &47FF, then once the link is 
moved, the reset vector will now be held in 
&47FC and &47FD. These should contain 
the low and high order start address of the 
user-written control program. If the reset 
switch is then pressed, the program 
automatically runs from the start address 
held in the new reset vector. 

The second jumper link puts the user 
RAM in “write-protected” mode, thereby 
preventing the risk of a wayward program 
overwriting itself! In this way, one can emu- 
late eprom as closely as possible, yet still 
modify code with relative ease. If bugs are 
discovered at this stage of development, it 
is far easier to modify the assembler 
source code, and reload into the microcon- 
troller’s RAM than to erase and reprogram 
an eprom. Once satisfied with your code, 
you can burn the control program onto 
eprom, insert it in place of user-RAM, and 
remove the monitor, which is no longer 
required, You are safe in the knowledge 
that the control program has been tested 
on the very same hardware, and in the 
same locations. Experienced program- 
mers could even relocate the code to 
occupy the monitor’s memory space. The 
control program then replaces the original 
monitor, leaving a full 4K of RAM space 
available. 

The Nikam microcontroller must be one 
of the first commercial products to use the 
new 65C02 microprocessor. This is an 
enhanced CMOS version of the popular 
6502 chip, which not only offers extremely 


The controller and motherboard. 


low power consumption, but also has a 
range of new machine code instructions 
(see Table 2). Furthermore, some existing 
instructions have been given extra addres- 
sing modes. Of course, these new 
instructions are not explicitly supported by 
the BBC assembler, but suitable proce- 
dures can be written to get round this. 
Indeed, many of the new instructions (such 
as bit test, set & reset), are particularly well 
suited to control program requirements. 

Currently the board is supplied with 
standard versions of the 2716 eprom and 
6522 VIA, but if CMOS versions of these 
devices are used, then total board con- 
sumption is in the region of 25ma. This 
makes portable, battery-powered equip- 
ment a perfectly feasible {and attractive!) 
proposition. 


Drawbacks 


Putting the monitor program through its 
paces showed up a number of shortcom- 
ings. Most curious of these is the single- 
step command, which displays the values 
of all internal registers — except the stack 
pointer! Also the value displayed for the 
break flag appears inconsistent. In addi- 
tion, the monitor does not handle the 
delete key correctly, so you really need to 
get things right first time, or re-enter the 
whole line. 

Being curious to see how the monitor 
was coded, | would have liked a command 
o “upload” data from the microcontroller 
into the Beeb. In this way, even the monitor 
itself could be disassembled. As an alter- 
native, | tried creating a *SPOOL file of a 
hex dump of the monitor’s memory area, 
using the memory dump command. How- 
ever, the command would not work reliably 
whenever *SPOOL was used, possibly due 
to some form of synchronisation problem. 
In all, the monitor is a weak link, and does 
not reflect the quality of the rest of the 
system, which otherwise appears good. 
Nonetheless, the monitor does meet its 
limited objectives, and is certainly work- 
able, providing you are willing to live with 
the constraints outlined above. 


Assessment 


The ease with which programs can be 
modified during testing is the system’s 
great strength. | did find the jumper links a 
little fiddly to use. A hardware switch would 
make the operation easier, but possibly at 
the cost of increasing board size. It’s also 
easy to forget to change links back to their 
original positions, in order to be able to 
modify code (you can’t change write-pro- 
tected RAM)). 

The Nikam microcontroller merits con- 
sideration by the robotics enthusiast, or 
any other dedicated system builder. An 
enhancement to the monitor software 
would undoubtedly produce a more 
friendly product. Nevertheless, the relative 
ease of program development, together 
with its size, lightness, and low-power 
potential, could win the microcontroller a 
lot of friends. Finally, the availability of bare 
boards should make it particularly interest- 
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ing to those on a limited budget. 

The 65C02 Microcontroller is available 
from Nikam Electronics Ltd., 25 Suffolk 
Drive, Lacey Green, Wilmslow, Cheshire 
SK9 4DE. Prices are as follows:- 
Assembled & Tested Microcontroller, 


with monitor, 4K Ram, & manual £84.98 
Bare board £16.99 
Monitor Eprom £14.99 
Motherboard £18.99 
Bare Motherboard £4.99 
Technical Manual £2.50 


LISTING 1. Simple BBC/Microcontroller 
communication program. 


30 REM TRANSMIT 2400 BAUD. 
40 “FX8,5 
60 REM RECEIVE 2400 BAUD 
60. *FX7.5 
70 REM TAB TO ESCAPE 

80 *FX220,09 

90. st9%=BFE08:REM STATUS | 


REGISTER 

100. trx%=BFEO9: REM TRANSMIT 
RECEIVE» 
110 F(t AND 1) PRINT. 


420 ag INKEYSO):IF aS 
seer she 
2trx% =ASCas 
130 GOTO 110 


TABLE 1. Monitor commands (all parameters 


_TABLE 2. New 65€02 
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There are many applications where the sort 
of 3D computer graphics that have been 
described so far in this series are more than 
good enough. However, the quest for 
realism in computer graphics is never end- 
ing. The simplest goal is to create life-like 
images that can be used in simulators or as 
part of a computer-aided design process. 
At the other extreme the aim is to produce 
‘super real’ images that are part of a new 
type of art or extend the possibilities of TV 
and cinema. 

In some ways the task of producing the 
latter type of computer graphics is often 
easier from a technical point of view 
because of the tolerance of the human 
viewer. For example, the feature film TRON 
which contained a great deal of computer 
graphics was only possible because the 
effects didn’t attempt to mimic reality — the 
graphics created a fantasy landscape that 
was very easy to accept. Compare this, for 
example, with the difficulty of creating a 
simulation of the sea breaking against a 
beach — even a powerful computer like the 
Cray 1 takes minutes to generate such 
images. 

_ In the realm of the personal computer 
the current state of technology does limit 
the degree of realism that can be achieved 
in 3D graphics. Some special hardware for 
realistic 3D graphics is now being pro- 
duced at prices that suggest that in the 
not-too-distant future, personal graphics 
computers will be available. However, for 
the moment, there is nothing much we can 
do apart from wait or spend a great deal of 
money! It is not difficult to think up fairly 
simple hardware projects that wil! produce 
the required display flexibility and resolu- 
tion and so the only real problem is proces- 
sing power. If you want to create realistic 
scenes then you have a great many calcu- 
lations — so many that even the fastest of 
today’s computers take minutes per 
scene. They are still too slow, for example, 
to make realistic interactive 3D graphics 
possible. The new generation of computer 
games are successfully producing very 
realistic interactive graphics but this is 


Mike James takes the quest for realism one 
stage further with computer generated 3D 
stereo vision, hidden lines, and shadowing. 
Pee 


— 


f 


rome 


While it is possible to produce 3D 
graphics that look very good using a per- 
sonal computer, it is not possible to 
approach the realism of even a black and 
white photo unless you use a TV camera or 
‘computer-assisted painting’. There are 
special types of images that can be 
created quickly by using processing tricks 
and short cuts. However, if you want to 
write a program that will take a descripton 
of ascene and then produce an image that 
represents what it looks like from a particu- 
lar viewpoint, then the 3D viewer is about 
as far as you can go using a personal com- 
puter and BASIC. Even if you change to 
assembler there are stil! processing prob- 
lems that limit what you can do. The first 
part of this article looks at some of the most 
difficult topics in graphics —hidden line and 


4... the 3D viewer is about as far as you can go using 
a personal computer and BASIC”. 


achieved with the aid of a laser video disc 
which is used to store complete frames of 
the action. In the future such fast, high 
capacity storage devices may make it pos- 
sible for personal computers to generate 
realistic interactive graphics but for the 
time being we are restricted to cartoon-like 
images. 


hidden surface elimination, shading, 
shadowing and textures. The final part 
returns to the realm of what can be done 
with a micro in a rather surprising way — 
scenes with realistic shading etc, it is 
remarkably easy to produce images that 
appear to have true 3D depth and ‘float’ 
either in front or behind the TV screen! 
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Hidden line and surface 
removal 


The ‘wire frame’ images produced by the 
3D viewer (Listing 1) serve to repre- 
sent objects fairly well once you get used 
to interpreting them. Unfortunately, there 
are times when being able to see through 
an object produces ambiguities. For 
example, there is a well known visual illu- 
sion (known as the Necker cube) that 
results from the two possible interpreta- 
tions of the wire frame cube (Figure 1a). 
This ambiguity can be reduced by 
exaggerating the perspective used in 
drawing the cube (Figure 1b) but some- 
times even this fails. The reason for the 
Necker cube illusion is simply that it is dif- 
ficult to tell which face of the cube is in front 
of the other and the most direct method or 
resolving this ambiguity is to change from 
‘see through faces’ to solid faces. Drawing 
the cube with solid faces amounts to not 
drawing those lines that are hidden by the 
faces closest to the observer (Figure 1c). 
Removing hidden lines seems a very easy 
task for a human but for a computer it is 
very difficult. In everyday life, hidden line 
removal occurs automatically as a result of 
the way in which we see things by reflected 
light. That is, if one object is in front of 
another, it will block the light rays from the 
object it is in front of and stop them from 
reaching the eye of the observer. However, 
when it comes to a computer's representa- 
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Figure 1a. The Necker cube illusion. Which is the 
front face? 


Figure 1b. Adding perspective helps to identify 
the front face. 


Figure tc. Removing ‘hidden lines’ makes it 
even more obvious. 


tion of the same objects, there is no natural 
process that will result in the closer matter 
obscuring part of the other object — you 
have no choice but to work out what is vis- 
ible. 

The main problem with hidden line 
removal as a calculation is that it needs 
information about the positions of all the 
planes or faces that make up the object. 
With a simple wire frame representation we 
have been able to make do with the co- 
ordinates of points and information about 
the lines that join them, but, for hidden line 
removal, it is necessary to consider how 
the lines group together to form faces. This 
increases the amount of information that 
we have to store to represent an object as 
well as the number of pixels that are 
involved in drawing it. When a simple wire 
frame representation of an object is drawn, 
only the pixels that form the lines between 
the points are involved but, when hidden 
line removal is used, then every pixel within 
a face is involved. For example, one of the 
simplest hidden line removal algorithms is 
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the “painter’s algorithm”. This is based on 
the observation that if each face is drawn 
as a solid face (that is, by changing the col- 
our of each pixel within it) then the faces 
that are drawn later will automatically 
obscure those drawn earlier. If itis possible 
to arrange things so that the order in which 
they are drawn corresponds to their 
depth, then closer faces which are drawn 
later will obscure the earlier, more distant 
faces and the result is automatic hidden 
line removal. The term = “painter’s 
algorithm” comes from the way a painter 
will often paint the foreground over the top 
of the background. You should be able to 
see that this method requires every pixel 
within a face to be altered and not just the 
lines that form the boundary of it. This fact 
alone means that drawing solid represen- 
tations of objects is a slow process but 
also, in addition, time is required for work- 
ing out the order that the faces should be 
drawn in. All hidden line methods involve a 
stage of sorting faces into depth order — or 
‘geometric sorting’ as it has come to be 
known — and this is where most of the cur- 
rent research work into hidden line removal 
is concentrated at the moment. Geometric 
sorting is very difficult because each face 
in a scene may occupy a range of depths 
and it is difficult to decide which should be 
drawn first. Indeed it may not even be pos- 
sible to sort faces into order (see Figure 2) 
and then the only real choice is to divide the 
faces down into smaller pieces and try 
again. 


ev 


a coe Sanaa 
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Figure 2. 3 faces that are impossible to sort out 
into depth order. Which should be drawn first? 


The painter algorithm is a good method 
of hidden line removal and it is often used 
in conjunction with sophisticated geo- 
metrical sorting algorithms. It can be par- 
ticularly effective when the scene being 
generated may be easily sorted by depth. 
For example, if you are drawing a moun- 
tainous landscape, all you have to do to 
perform hidden line removal is to draw the 
most distant mountain ranges first! How- 
ever, even if the geometrical sorting takes 
little or no time, the problems of colour fil- 
ling areas is something that micros are 
fairly slow at. For example, the Dragon’s 
PAINT command is easy to use but takes 
around a second to fill any medium sized 
area, the BBC Micro and Electron’s fill 
commands are faster but still make the 
painter algorithm a long wait! As already 
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mentioned, even if you use a different 
method, you still cannot avoid examining 
most of the pixels that make up a face. For 
example, the depth buffer method of hid- 
den line removal examines each pixel on 
the screen in turn and assigns it the colour 
of the face closest to the observer that pas- 
ses through it. This sounds easy but, once 
again, the difficulty lies in discovering 
which face is closest to the observer at any 
given point. In practice this means examin- 
ing each face in the scene and discovering 
which ones contain the pixel in question. 
Then, for each face that contains the pixel, 
the depth at that point is worked out. The 
pixel then takes the colour of the closest 
face; this algorithm is easy but it involves 
examining every pixel on the screen and 
every face in the image a great many times. 


“The ultimate in realism 
is obtained using 
shadowing”. 


You should be beginning to see that hid- 
den line removal is not a quick job! How- 
ever there are one or two very simple forms 
that work for certain types of image. For 
example, if you are only interested in con- 
vex shapes (ie shapes that have no inden- 
tations) then you can use the fact that you 
can always see the ‘outside’ view of a face. 
Put simply, this algorithm decides which 
side of a face is visible by using the order of 
its corners. For example, if you number the 
corners of a face in a clockwise direction 
when looking at it from the front or outside, 
then the corners will appear to be num- 
bered anti-clockwise if you look at it from 
the other side. Using this, or a similar con- 
vention, a graphics program can examine 
the order of the corners of each face that it 
is about to draw and only draw those that 
are viewed from the outside. This hidden 
line elimination method is fast and efficient 
but it only works for convex objects — and 
most interesting objects are not convex. 


Shadow and shadowing 


The ultimate in realism is achieved when 
the faces of an object are shaded or 
coloured in a way that corresponds to how 
they would look if illuminated by a given 
source of light. Surprisingly the calcula- 
tions necessary to determine the bright- 
ness of a point are not at all complicated 
and, if used with a hidden line removal 
algorithm, add little to the time taken to 
produce an image. For personal computer 
use the real problem is finding enough 
colours or grey levels to produce a realistic 
image. In some senses this is simply a 
hardware problem in that the display 
generators only work with 4 or 8 colours 
but it is really a reflection of the fact that 
today’s micros would be hard pushed to 
manipulate displays with a greater colour 
resolution. Even the BBC Micro at its 
highest colour resolution only manages 
eight colours on a 160 by 256 pixel screen. 
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Commercial graphics systems work with-a 
minimum of 256 grey levels or colours and 
256 by 256 pixels is usually considered the 
minimum spatial resolution! 

The shading of an object is obviously 
dependent on the type of illumination that it 
is subject to. In general it is useful to distin- 
guish two types of illumination — diffuse 
and point source. Diffuse illumination is 
characterised by having a constant inten- 
sity independent of direction. In this case 
the amount of light that reaches the eye of 
the observer is given by: 


Ed=RI 


where R is a constant that governs the 
reflectivity of the surface and | is the light 
intensity. The use of only diffuse illumina- 
tion produces very unnatural looking 
scenes and it is necessary to add a point 
source of light to improve things. 

There are two ways that a point source of 
light can be reflected from a surface — 
diffuse reflection and specular reflection. 
Ditfuse reflection corresponds to ‘dull’ sur- 
faces and specular reflection corresponds 
to ‘shiny’ or mirror-like surfaces. Taking 
both types of reflection into account, the 
energy that reaches the eye of the observer 
is given by: 


(R COS(i) + W(i)(COS)(s))* N) IP 


where i and s are angles as shown in 
Figure 3, R is the reflection co-efficient, 
W(i) is a specular reflection function which 
varies according to material and angle of 
incidence and finally N controls how shiny 
the surface is. A value of N around 10 will 
produce silvery surface effects and a value 
around 1 will produce matt surfaces. You 
can also include transparency effects just 
as easily but the two equations given 
above are sufficient for many applications. 
For example, you can model the shading 
and reflections produced by the light from 
a window by representing it as a collection 
of point sources positioned in the shape of 
a window. Such calculations are easy in 
principle but time consuming in practice. 
Another apparently simple task is shadow- 
ing. Itis obvious that objects illuminated by 
a point source will cast shadows but work- 
ing out where they are and how they affect 
the illumination of other objects is very dif- 
ficult. It is, in fact, a problem that is very 
similar to the hidden line problem 
described éarlier. In this case the object is 
to discover which light sources are hidden 
by other parts of the image. Once again 
shadowing algorithms are much easier to 
apply as part of a hidden line removal pro- 
gram. 


Ray tracing 


After describing a number of ‘traditional’ 
algorithms for improving the realism of 3D 
images it is worth mentioning one new 
approach that at first seems to be a highly 
inefficient method — ray tracing. Ray trac- 
ing calculates the path of a ray of light 
through the scene to the observer's eye 
and so arrives at a value for its intensity. 
Thus the scene is built up in a way that 
copies nature. The only reason that this 


Figure 3, Shadowing. 


Figure 4. Stereo viewer using polarizing filters. 


method has any hope of being possible ina 
reasonable amount of time is that the new 
super computers such as the Cray 1 cah 
trace a number of rays in parallel and so 
speed things up by raw number crunching 
power. Ray tracing is hardly likely to 
appear as a method on personal com- 
puters until they pack the punch of a Cray 
1... any guess at when this will happen is 
almost certain to be wrong! 


e ¢ 

Stereo vision 

Even if we stay with the simple wire frame 
images of objects produced by the 3D 
viewer (opposite), there is one method 
that can be used to improve the 
realism that is easy to implement and 
which only slightly increases the time 
taken. Normal human vision is in stereo, 
that is, not only do we see objects as single 
perspective views, but we fuse the 
perspective views produced by both eyes 
into a single ‘solid’ object. To produce the 
illusion of a computer-generated solid 
object all that we have to do is to display 
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two perspective images — one correspond- 
ing to what would be seen by the left eye 
and one corresponding to the right eye, 
making sure that each eye sees only its 
particular image. This method of produc- 
ing 3D drawings and even film and tele- 
vision images has been used for many 
years. 

Image separation was_ traditionally 
solved by the use of red and green 
spectacles, and by drawing one of the 
images in red and the other in green. Thus 
one eye can only see the red image and 
one eye can only see the green image and 
the right and left view can easily be 
‘delivered’ to the correct eye. For com- 
puter use this red/green system is particu- 
larly appropriate because most machines 
can generate high resolution images in red 
and green on a standard colour TV. How- 
ever if you want to produce high quality 3D 
stereo images it is worth constructing a 
split screen system using polarising filters 
— see Figure 4. Polarising filters are much | ; 
better at keeping the two images separate | | 
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and they don’t introduce false colours. 

For the purposes of demonstration and 
experimentation, however, it is easier to 
use the red/green colour system. For this 
you will need a pair of spectacles with ared 
filter in the left eye and a green filter in the 
right eye which you can easily make using 
coloured celluloid. The modifications to the 
3D view program are simple enough. First 
the line drawing routine (subroutine 4000) 
has to be modified so that it doesn’t clear 
the screen and so that the foreground 
colour can be set to either red or green. 
Then the perspective projection routine 
has to be modified so that it can produce 
two projections corresponding to what 
would be seen by the right and left eye. 
This can be achieved by shifting the centre 
of projection horizontally by an amount 
that represents the normal separation of 
the eyes. For the BBC micro version of the 
3D viewer these changes amount to: 


LISTING 1. 3D viewer. 


To our horror (no exageration here) we dis- 
covered on receiving copines of the June 
issue of E&CM that the wrong listing had 
crept, crawled or bribed its way into Mike 
James’ Micrographics article. The correct 
listing, (referred to as Listing 1 in this 
month’s article) which gives a 3D animated 
wire graphic representation, is printed 
below. The program is written in BBC 
BASIC, but none of the special features of 
the BBC have been used, and it can be 
easily adapted for any machine. 


10 KEM S-D VIFWFR 
20 MODF 0 
30 GOSLIE 1400 
35 GOSUE 7000 
40 GOSLIE 7000 
oO GOSUE F000 
60 GOSUE 4000 
6S GOSLE 7000 
70 GOSUE 2000 
ft GOSUE 4000 
90 GOTO 35 
1000 RESTORE 
1010 DATA 6,0,0 
1020 DATA 0,0,2 
1030 DATA 0,3,0 
1040 DATA 0,1,7 
1050 PATA 1,0,0 
0,2? 
4,0 
3,2 
ri. 


* 
' 
, 
’ 


1040 DATA J, 
1070 DATA 1, 
1080 DATA 1, 
1081 DATA .5 
1067 DATA .5 
1100 DATA oO 
1110 DATA 4 
3170 DATA 6 
1}30 DATA ? 
1140 DATA 1 
1150 DATA 5 
1140 PATA 7 
1170 DATA 3 
1180 DATA 0 
4190 DATA 4 
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) The only modification that needs any exp- 


lanation is the introduction of the variable 
DE into line 3010. This is a horizontal dis- 
placement that is applied to the centre of 
projection before the perspective trans- 
formation is performed. Essentially it pro- 
duces the displacement corresponding to 
the difference between the right and left 
eye. If you make DE smaller then the stereo 
effect will be less, if you make it bigger then 
the stereo effect will increase but it might 
prove difficult for the eyes to fuse the two 
images and so the effect might fail com- 
pletely! 

If you make these modifications to the 


3D viewer and then look at the resulting | applications. The overall success and 


images on a well-adjusted TV or colour 
monitor you will find that the ‘house shape’ 
now produces the illusion of depth. If at 
first you don’t see a single image then allow 
time for your eyes to adapt to wearing red 
and green spectacles, darken the room 
and try to improve the contrast between 
the two colours. You will find that on most 
TV sets the difference between red and 
green is such that you can see the green 
image even through the red side of the 
spectacles and this tends to produce a 
second ‘ghost’ image within the stereo illu-. 
sion, there is little that can be done about 
this apart from trying to match the filters to 
the colours more accurately or changing 
over to the polaroid system shown in 
Figure 4. The 3D viewer program allows 
you to move closer and further away from 
the house shape (by pressing the C and F 


1200 DATA 6, 
1210 DATA 2, 
1220 DATA 2, 
1221 DATA 3, 
1272 DATA 7, 
1223 DATA 6, 
1274 DATA 9, 
1300 FP=30 
1310 L=I7 
1320 FOR Z=0 TO Ft 

1330 READ X¢E),¥¢T),7¢7) 

ARID XCT)=xX(T) «200 

1234 YCT)=¥(T) "700 

1237 7(T)=7(T) e200 

1340 NEXT I 

1R4E XCPYSOLY(P)=3 37 (P= 0S PSP +s 

1350 FOR T=0 TO 1-1 

1360 READ S¢(T),F(T) 

1370 NEXT T 

1380 RETURN 

1400 TH=FI/4 

1410 PH=FI/1B0x25 

1420 R=800 

1430 CX=50 

1440 CY¥#50 

‘1450 CZ=50 

1460 xC=500 

1470 YC=500 

1480 ZC=-2000 

1500 DIM A(20),B(20) 

1510 DIM X(20),Y(20),7(70),9¢70),F (70) 
1520 RETURN 

2000 *FX 4,1 

2010 AS=INKEY$(0) 

2020 IF As="" THEN GOTO 2010 

2040 IF A’="C" THEN R=R-J0 

2080 IF AS="F" THEN Rek+10 

2060 IF ASC(A$)=136 THEN TH=TH-PI/180 
2070 IF ASC(A$)=197 THEN TH=TH+PT/180 
2080 If ASC(A$)=139 THEN PH=FH+PI/180 
2070 IF ASC(A$)=138 THEN PH=PH-FT/IR0 
2100 PRINT TAR(O,28) ;"DTSTANCF=" 
PRITARCIS)$ “THETA="$INTC1Q0XTH/PI) 
$TAR(25) "PHI="fINT(1G0xPH/PT) 

2110 IF A$="D" THEN RETURN 

2120 GOTO 7010 

3000 FOR I=0 To FJ 

3010 ACT)=—X(1) M7047 (7) RXC 
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keys) and to view it from ‘behind’. If you 
look at the house using positive distances 
you will find that the stereo illusion is 
behind the TV screen. If you look at it when 
using negative distances then the house 
appears to float in front of the screen, 
Using negative distances produces 
images that are, at first, more difficult to 
fuse into a single image, but once you 
get used to it the effect is more pro- 
nounced than for images behind the 
screen. 

The additions to the 3D viewer for pro- 
ducing stereo images are so slight that it is 
clearly pssible to use such illusions for real 


acceptability of such programs depends 
very much on the ease of viewing the illu- 
sion and if you are contemplating a real 
application my advice is to build the split 
screen polarising viewer. 


Conclusion 


Just what personal computers are capable 
of in the field of 3D graphics is still being 
explored. To a great extent | hope that 
some reader will prove my pessimism 
about the practicality of a general hidden 
line, shading and even shadowing 
algorithm misplaced by producing such a 
program! In the meantime there is a great 
deal of fun to be had with stereo views and 
constructing the special hardware to look 
at them. 


3020 B(T)=-¥ (I) a7C+7(T) «VC 

3025 WeZ(J)~-ZC 

3026 ACT)=ACI)D/W 

3027 B(T)=B(I)/W 

3030 NEXT IT 

3040 RETURN 

4000 CLS 

4030 FOR I=0 TO L~J 

4020 MOVE ACS(T)),B(SCT)) 

4030 DRAW ACF(T)) BCE (T)) 

4040 NEXT I 

9050 RETURN 

5000 CT=COS«(TH) 

5010 ST#SIN(TH) 

5020 CP=COS(FPH) 

5030 SF=SIN(FH) 

5040 TX=~(CX+RXCPXCT ) 

S050 TY¥==(CY+RxSP) 

S060 TZ=-(CZ+R*CEXST) 

5070 CX=-CPxST/SAR CSP SSP +CPXCERS TEST ) 
S080 SX=-SF/SQR(SFRSF+CERCE KA THST ) 
5070 CY=SQR(SFeSF+CEXCEXST RST) 
Si00 S¥=-CFaCT 

5110 RETURN 

6000 FOR T=0 TO Fmd 

6005 IF T=P-1 THEN GOTO 4100 

6010 X(Td=K(T)+TX 

6020 Y(Iy=¥(T)+TY 

6030 Z2¢T)=Z¢(1)+TZ 

6100 X=X(T) 

6110 Y=¥¢LD)KCX-Z7(T) «Sx 

6120 Ze¥CT)eSX+7(T) «0x 

6130 K¢(LD=XiycT =i 7(1)=7 

6140 X=X(T)«CY~Z2(T) «Sy 

6150 Y=Y«(T) 

6160 Z=X¢T)eSy4+7(T)aCY 

6200 X(Dd=Xty(Dy=vt7(1)=7 

6300 NEXT I 

6310 RETURN 

7000 V=ESAR(X CRF RX CPT CR DY CP Hd) 
7010 C=Y¥C(P-1)/V 

7020 S#K(P-1)/V 

7030 FOR I=0 TO F-? 

7040 X=X(IT)eO~-Y (IT) eS 

7050 Y=X¢(L)eS+y(T) ae 

7060 X(LT)=X+500t¥(T)=v+500 

7970 NEXT I 
7080 RETURN 
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Part 2 of Hew Jones Dragon EPROM 
programmer has full listings and 
description of the sophisticated operating 
software. Next month, a useful application 


Because it is written in position indepen- 
dent code, the 4K machine code operating 
software can either be installed on the 
EPROM programmer card itself or loaded 
in from cassette when required. In the 
former (and much more desirable) instance 
there are two alternatives; either obtain a 
ready programmed 2732 or use the 
EPROM programmer to generate its own 
system firmware, which has a very definite 


appeal. 
LISTING 3. hex dump. 


bond 
On1e 
O20) 
Oca 
0040 
ooso 
0060 
OO70 
O80 
ooFvo 
COAG 
OOBO 
O0CO 
OOD) 
QOEO 
OOF Oo 


o100 
OLLd 
0120 
O10 
0140 
O150 
O160 
O170 
O1B86 
O190 
O1A0 
O1LBG 
o1co 
O16 
O1EO 
O1FO 


To accomplish this, enter the code given 
in the hex dump of Listing 3 (incidentally, 
this was produced by the hard copy option 
of the list facility of the EPROM program- 
mer itself) with a suitable Basic hex loader 
program, such.as that of Listing 2. When 
finished, save to tape and re-load to 
&H4000, without the hardware installed, 
and try running at &H4002 to prove its cor- 
rectness. All the screen formats, message 
texts and program flow integrity can be 


360 

0370 
DKO.....+..0.r.U o3BO 
aQOss fie O390 
aes . . O3AG 
wala «..0C.... asBO 
~&.4@,.@0.A.C,E, Oslo 
G.0C...B.F..-AC O3DO 
2) Sees O3SEO 
OSFO 


tO.) 2 MO.. oF 
oe KO o400 
JO... o4i0 2 
0420 
0450 


Oa7Dd 
oer aq, 205.0 | geen oe 
ceca MD cere Eien NAA 
Bsd5ecahewNeana,. | Bane & 
«12.0 HJ DRAGON 
32 EPROM PROGRAM 
MER. - OG VERI 
FYae 1 LOAD 
FROM EPROM. . 

2 EXAMINE/CHANG 
E.. 3 EMPTY O50 
CHECK.. 4& PR wsid 2 
OGRAM EPROM.. 0520 
S CLEAR RAM, . Osta 
& COMPLEMENT O540 
RAM DATA... 7 O550 

OSS0 

O57 
o5B0 

OSeer 

DISPLAY DATA.. osa0 
8 SET ADDRE O5BO 
SS LIMITS... 3 OSCO 
LOAD FROM MEMO osbpa 
RY... 10 «SET D O5E0 
EVICE TYPE.. ENTE OSFO 
R REQUIRED FUNCT 
ION CODE: .. LOA 
DING DATA FROM M 
ASTER EPROM .. 
OPERATION COM 
PLETED .. EXxA 
MINE MEMORY. ENT 
ER STARTING ADDR 0470 
ESS fin < 20s cd 0640 
tangk 04560 
0460 
0670 
O40 
0690 
oé6A0 
O4B0 
oé6Ca 
0éD0 
0&6EO 
O6FO 


a400 
0610 
620 


AMMER 


ascertained at this time. 

After suitably amending any typing 
errors which may have nccurred, the code 
can now be run with the EPROM program- 
mer inserted and selected for 2732 opera- 
tion. Use function 9 to load from $4000 
onwards (check contents with function 7) 
and then blow a blank 2732 in function 4, 


.. - VERIFY O 
PERATION.,.. 
* 


whee Fenner Tea! 
» DATA .. EMPTY 
CHECH .. PASS . 
mab Paes 


wana n a Baa bean 


Senne 


ane Dee” 


Seer rr Fe 


FAILED AT .. EP 
ROM PROGRAM OPER 
ATION ... COMPLE 
TED COPYING ,CHEC 
KING NOW .. FAIL 
ED PROGRAM VERIF 
ICATION '. PROGR 
AMMING ABORTED 

tates THR 
a. eed 


weee ee Dis saae 
sPOa ews aZeaae 
aeGraraaMas...., 
oat LOWER . 
UPPER . 11 
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LISTING 1. BASIC test program. 


which can then be installed on the card. 
From now on, when power is first applied 
the unit auto-boots although BASIC may 
be entered at any time. The reset button 
reverts to BASIC mode. 

The software reserves RAM from $1000- 
$2FFF for the ‘map’, and uses $F80-FFF 
for variables and scratchpad. Calls to the 
Basic interpreter ROMs have been kept to 


O72 
OTL 
o74o 
O7So 
a7 et 
OFF 
O7BG 
TFC 
OF AD 
O7BG 
WFC 
N7Do 
O7EC 
OFFG 


BOC 
DELO 
na2o F 
0830 
naa 
CBS 
bBSD 
Lat > es) 
(IBEC © 
ob Fo 
CBAC 
C8Bo 
oBce 
DADO 
OBEC 
BF O 


LHF OCE 
oPin 6 
CDG 


Call mt a 
SRD 
NFED 
oor 


JULY 1984 


an obsolute minimum and therefore the 
EPROM programmer should run with a 
minor software modification on the Dragon 
64 and a Colour Computer with extended 
Basic. The Basic ‘hot’ start vector for your 
machine must be substituted at 
$CO0A,$COOB. This can be established by 
PEEKing the contents of $72,$73 respec- 
tively. 


QUIT ..0......05 
ee ee ee ee Fe CL 
EAR RAM OPERATIO 
Lee ee See 
averQeans 
Med Mewes 
wweeee ed. 
wren hee . 
ot FD. Beweccccns 
«-.- SET NEW ADD 
RESS LIMITS .. E 
NTER NEW ADDRESS 
RANGE ... INVAL 
1D ADDRESS GIVEN 
- REPEAT ENTRY 
-- 480. .0..40.. 5. 


sePeainae eee wee 
eQeewee Bee Sene 
“MHS eDeves eG ocoo 
ocLa 
acz0 
veseneenBees oCrO 
sEsea Bs caEWie 3% oc4aa 
ocso 
C60 
oc7o 
oceo 
aczo 
ocAo 
+e8.9. COMPLEMEN OcBO 
T RAM DATA OPERA acco 
TION ... LOAD MA RCBO 
fF FROM INTERNAL pCEG 
MEMORY .. SPECIF ocro 
¥ LDAD SOURCE AD 
DRESS . MEMORY D 
UMP COMMAND .. & 
NTER LIST START 
ADDRESS .0 ODDO 
rer oDiG 
OD20 
ea ODsO 
* (TBs Be Onets oD40 
oDSo 
Cbed 
oD?o 
ODBG 
abst 
re Seen DAS 
seefe.g9. SPECIF ODEO 
Y THE EPROM TYPE once 
++ ENTER DEVICE ODDO 
CODE : . 0-2716 ODED 
1+2732 2-2516 ODEO 


PROJECT 
Summary 


In the course of testing the design, the card 
successfully programmed all the sup- 
ported devices, most of which were 
obtained by shameless begging and bor- 
rowing. These included 2764s manu- 
factured by Hitachi, Fujitsu, Mitsubishi, 
Intel and AMD. Unfortunately two factors 
prevented the design from accommodat- 
ing 27128s and intelligent programming; 
lack of board space and the limited extra 
capacity available from the power supply. 

Steve's Electronics, Castle Arcade, Car- 
diff (Tel: 0222 41905) have kindly agreed to 
stock and supply any or all of the compo- 
nents in this article including the prototyp- 
ing board, coil winding kit and ready pro- 
grammed EPROM. > 


» F-25322 4-2752 
A 3+2764 1.4,. 
wae ene nee et 
oven wiePena a obs, 
XFXAL. 4.0.0. 4 FN 
PO. F4.0040..08 

“eae D4.. 
baa Moms OF 


Sr cere ee 


$s ncencans 


ZhaS. 4 de Se Me 
Fun eh. 2h... 


VRea Tes Yt YT ie 


MOVE MEMORY BLO 
Ck. DESTINATION 
: MEMORY MOV 


£ COMMAND .. 


PCR ;TITLE. LBSR 
PRINTM. LESR Fe 
LFi ;LOWER/UPPER 
LIMITS. LEAX MN 
NS1,PCR ;GET DES 
TINATIOIN ADDRES 
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LED1 & LED2 
oZD1 i 


Choose from our M50 range of 
exciting products all designed to assist 
es» _ the hobbyist in building an inter- 

-;” connection system most suitable for his 
“*"” particular application: 
headers; sockets; colour coded 
cable; DIP connectors; sub-miniature 
D25 way plug, socket and hood. 


With the MSO you get much more than 
justa good contact. You get a complete 
interconnection system that includes the 
cable. 


Our new catalogue containing over 
150 new products is available now 


For further information on these 
products ring (04215) 62829 or write to: 


Your Interconnection [sic 


_ System for the BICC-VERO ELECTRONICS LIMITED 
Microcomputing World (urns. 
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Sir, 

Having built up the Rom boards, | 
find that they will not run all 
manufacturers’ Eproms, contrary tc 
page 19 of the article. 

(have found that if the main board 
is an issue 4 or above, all the 
Eproms function correctly. 
However, on issue 3 boards there 
are problems. | cannot read Intel 
chips, although they work perfectly 
in the main board. The problems 
experienced range from refusal to 
recognise a chips’ presence; or 
hangs the machine either on entry 
or during execution. 

An odd thing is that one appears 
to get further into the program when 
10nF capacitors are fitted than one 
does with 100nF. 

Lead lengths (ribbon cable) are 
kept at approximately 10”. The Intel 
chips are standard speed, 
200/250ns. To check that chip 
timings weren't causing the 
problems, Hitachi 250ns and 450ns 
along with Fuji at 300ns were tried 
with no problems. 

| have also tried fitting a 104F 
capacitor onto the board, but to no 
avail. 

Our experience is that machines 
fitted with issue 3 boards all 
experience the problems as 
highlighted above, but those 
machines with issue 4 and above 
have experienced no problems, 
performing satisfactorily, with all 3 
makes of Eproms. 

Trusting you can highlight the 
areas of the problems. 

Mr. A. Wiseman 

Tamworth 


There are two possible sources of 
the problem. Firstly, the ROM 
boards have been proved to 
operate successfully on issue 3 
boards It may be that the Intel chips 
you aré.using are too slow — Acorn 
recommend a minimum of 300ns, 
but 450ns is the optimum speed. 
The reason why the chips work on 
the main board but not on the ROM 
board is the existence of a buffer 
chip between the BBC and the 
ROM board. | would therefore 
recommend the use of faster chips. 
However, you could also be 
suffering from the ‘dirty power 
supply problem’, ie oxidised 
connectors which reduce the 
supply to less than the required 5V. 
Cleaning the connectors will rectify 
this. 


Sir, 

As aregular reader for some 
months now | would like to 
congratulate you on the standard 
you have achieved. | find the articles 
generally interesting, neither so 
technical as to be bewildering nor 
patronising. 

What | find particularly appealing 
however is your inclusion of 
software to actually use the 
projects once built, without much 
research, as hardware and software 
are mutually supportive. 

A major hurdle in building any 
electronics project is actually 


BYTE 
BACK 


Send your letters to 
The Editor, 

E&CM, 155 Scriptor 
Court, Farringdon 
Road, London EC1R 
BAD. 


obtaining the components 
specified especially when 
purchasing by post. Some of the 
parts required never seem to 
appear in adverts, and others only 
in variant forms. For example, in the 
ZX Spectrum real time clock project 
{April/May 1984) one of the 
components required is a 4040 BE. 
Is this the same as a 4040 or is there 
an equivalent component? In the 
same project a 6116 CMOS RAM is 
specified — but what speed? 

The lack of information such as 
this is sufficient to prevent many 
people from attempting such 
projects. 

This could be remedied to a great 
extent by giving more information 
on components and suggesting 
sources — please bear in mind not 
all of us live near Watford. 

D. Bradbeer 

Edinburgh 


Point taken. Component supply is 
becoming a problem and we will 
endeavour to publish sources of the 
scarcer components in future 
issues (and yes, a 4040 is the same 
as a 4040 BE). 


Sir, 

It has come to my attention that 
the Speech Synthesiser board | 
designed for Jan/Feb '84 of your 
magazine does not work correctly 
with issue 2&3 Spectrums. The fault 
manifests itself as the synthesiser 
running through the allophones too 
quickly, thus garbling the speech. 

This fault can be corrected with a 
small software patch:- 

The line of Basic, in each of the 
example programs which waits for 
the synthesiser to become ‘not 
busy’ must be changed from: 


IF IN 159 > 127 THEN GOTO... 
To: 


IF IN 159 > 127 THEN PAUSE 1: 
GOTO... 


The added Pause cures the 
problem, which seems due to a 
timing difference between issue 1 
Spectrums (the project was 
developed on an Issue 1) and the 
newer Issue Spectrums. 

Robert Harvey 

Oxford 
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Sir, 

Having read the advance 
publicity for Adam Denning’s article 
on inhibiting the action of the 
BREAK key on a BBC micro, | was 
disappointed in the event to find 
that is was no more than an 
interception of the break code using 
*FX247,8 and 9 (clever though that 
is!). The problem is that this requires 
individual tailoring of each separate 
program that you wish to protect, as 
described in the article, so that 
control can be recovered at a 
suitable place in the program. What 
would be really desirable would be 
complete disabling of the BREAK 
key so that its action would be 
ignored. 

At the school where | teach we 
have a large Econet installation. We 
have adopted an idea originally 
suggested by Felsted School, 
which enables software control of 
the BREAK key on all the machines 
connected to the network, and we 
have developed a control program 
which enables combinations of the 
Screen, Keyboard and BREAK key 
to be selectively disabled. The 
status quo can later be restored, 
and any program running continues 
to do so while the disabling is in 
force. 

The technique involves a small 
hardware modification to the BBC 
Micro, and so it should only be 
attempted by experienced users. It 
will also invalidate any remaining 
guarantee. Pin 4 of IC16 which is in 
the NW corner of the PCB is 
carefully cut and bent horizontal. 
This pin is the reset pin of the 555 
timer which produces a pulse to 


| was impressed with your 
computer Burglar Alarm circuit 
which was included with April's 
E&CM. 

While the project is marvellously 
simply and provides an ideal 
introduction to peripherals, | feel 
that the computers shown were a 
little high powered. 

It seems a bit like overkill to use a 
machine as powerful as the BBC to 
monitor a few sensors. 

| would have thought a more 
obvious choice would be the 2X81 
or more importantly the now very 
cheap multitasking Jupiter Ace. 
Both these machines are cheap 
enough to be bought specifically for 
the task and could be dedicated to 
monitoring complex alarm systems. 

With a little imagination from the 


reset the system when the BREAK 
key is pushed. It is fed via a single 
stage amplifier from pin 11 of IC7, 
(the serial ULA to the centre rear of 
the PCB) which controls the 
cassette relay. Thus whenever the 
cassette relay is energised the 
BREAK key is disabled. This is not 
usually a problem if using cassette, 
as the ESCAPE key can be used to 
stop a program loading or saving 
and turn the cassette motor off 
again. Thus with the mod installed 
*M.1 (or *FX137,1) will disable the 
BREAK key and *M.0 (or *FX137,0) 
will re-enable it. 


(C16 pin 4 is cut through and bent 
up horizontally. It is attached to the 
collector of the BC108. 

The connection to IC7 pin 11 can 
conveniently be made to the 
positive hole marked / or D9 to the 
left of |C7 as D9 is not fitted. 

+5v is obtainable at many places 
on the board. 

On an issue 3 board the extra 
components can be fitted in the 
holes allocated to S3 and |C90 
which are not used in the ECONET 
upgrade. 

For more recent machines the 
components can be fitted on a 
small scrap of veroboard attached 
to the side of the case near the 
power supply with double sided 
adhesive pads. 


I trust that this alternative solution 
will be of interest to your readers! 


Mr. R. Newman 
The Microelectronics Centre 
Peterborough 


constructor/programmer several 
different actions could be initiated 
from different alarm sources. 

How about printing a few articles 
explaining the I/O ports of the 
smaller machines for the novice 
interested in connecting his 
machine to the outside world. As 
you pointed out in April's news 
section, it is now possible to buy an 
excellent control system for £44.00. 

Stuart Watkins 

Falkland Islands 
Yes it is overkill, but a) a lot of our 
readers own BBC's, and b) who 
uses their computer while in bed 
asleep at night? 

We have published articles on the 
/O capabilities of the Oric and BBC 
micro in the past (and in this issue} 
and will be looking at others in the 
future. 
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Asneak preview of two new additions to the 
Commodore stable. 


16 plus 4 


At a recent dealer conference, Commo- 
dore put an end to the speculation sur- 
rounding their marketing plans for the rest 
of this year. The Company are to launch 
two new microcomputers that will bracket 
the established '64 both in terms of price 
and performance. The two new models are 
designated the C16 and the Plus/4, the 
C16 being the low cost replacement for the 
VIC20 while the Plus/4 is one of an increas- 
ing band of machines that aim to appeal 
both to the upper end of the home market 
and the businessman who wishes to 
assess the potential of a micro system at a 
relatively low cost. 

The C16 is to be marketed as part of a 
starter pack that will retail at £129.99 and 
will include the computer, a cassette data 
recorder, an extensive guide to BASIC pro- 
gramming and four pieces of software. At 
this price the C16 seems a very attractive 
proposition for first time buyers and, 
although the 16K memory of the machine 
may seem meagre by todays standards, 
this is not likely to be too much of a disad- 
vantage in this area of the market. We'll 
return for a closer look at the machine in 
the future but in the meantime our ‘at a 
glance’ panel gives the basic specification 
of the C16. 

The specification of the Plus/4 reveals a 
feature which is likely to be adopted by an 
increasing number of machines, this being 
the inclusion of a number of application 
packages as part of a system's firmware. In 
the case of the 64K Plus/4 these consist of 
a word processor, a spread sheet pro- 
gram, a data base and a graphics package. 
All of these are available via a single key- 
stroke and in addition to being able to 


share a common set of data, two of the 
packages can be viewed simultaneously. 
The Plus/4 is to retail at £249 but the 
£44.95 cost of the 1331 cassette recorder 
must be added to this in order to make full 
use of the machine. Once again, refer to 
the ‘at a glance’ box for a brief guide to the 
Plus/4’s specification. 

To complement the two new computers 
Commodore have launched a series of 
support peripherals. These are the 
MCS801 colour dot matrix printer that sup- 
ports a colour, hi-res screen dump, the 
DPS1101 bi-directional printer; both of 
these are priced at £399.99. The 1342 
single disk drive, at £229.00, is designed 
for use with both computers but like the ’64 


“the Plus/4 includes a 
number of application 
packages as firmware” 


disk system is rather slow in operation. To 
overcome this problem, Commodore have 
designed the SFS481 fast disk system 
which adopts a parallel data transfer 
system. The price of this drive is yet to be 
announced. 

The 1703 colour monitor at £229.00 
completes the range of new peripherals. 


Hands on 

All of the new hardware was shown at the 
recent Commodore computer show in 
London. The new models will be available 
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in quantity in time for the run up to the 
Christmas period and the spread of 
specifications and price means that Com- 


modore are well represented in all sections |” 


of the home micro market. 
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The Aries File 


CRUSHED BETWEEN AN IRRESISTIBLE FORCE AND ANIMMOVABLE OBJECT? 


lf your high-resolution screen is 
squeezing you from one side, and your 
operating system from the other, isn'tit 
time you tried the ARIES solution? 
ARIES-B20 is the board which 
banishes forever the conflict between 
screen graphics and program memory. 
“bad mode” and “No room” become 
nightmares of the past when your Beeb 
possesses this unique expansion. 


Unlike “sideways-RAM” — systems, 
ARIES-B20 offers you transparent 
access to 20K of extra memory, replac- 
ing the RAM swallowed up by the high- 
resolution graphics modes. The extra 
RAM is switched in completely 
automatically, meaning that your exist- 
ing software can make use of it without 
modification. 


This means that if you're a program- 
mer, you have up to 28K RAM availa- 
ble for BASIC, FORTH, LISP, BCPL, 
LOGO and COMAL programs in ANY 
SCREEN MODE. If you're a business 
user, the extra memory is used by 


VIEW, VIEWSHEET, WORDWISE 
and many other applications. And if 
you're a scientific type, you can get 
access to a massive 47K of data stor- 
age using the Acorn-approved ARIES 
*FX call. — 


COMPATIBILITY ASSURED 


With the huge range of Beeb add-ons 
that are becoming available, compati- 
bility has become a real headache. 
Every extra you buy your computer 
might lock you out from a host of 
others, even if it works with those you 
already possess. 


ARIES-B20, designed by BBC Micro 
experts, offers you true upgradeability. 
In addition to the rest of the ARIES fam- 
ily (the ARIES-B12 ROM expansion 
board and the ARIES-B488 IEEE-488 
interface unit), ARIES-B20 is compati- 
ble with double-density disc control- 
lers, second processors, ECONET, 
hard discs, EPROM programmers and 


much more. Several major companies 
now test all their products with ARIES- 
B20 to ensure compatibility. 


PROFESSIONAL QUALITY 


The ARIES range is designed to work 
with al/ BBC Micros, not just some of 
them. This means it has a sensible 
regard for the capacity of the power 
supply and the natural variations in crit- 
ical timings between machines. All new 
ARIES products are subjected to brutal 
testing in extreme conditions before 
they are released on the market. 


In quality of construction, the ARIES 
range sets a standard against which 
others are judged. Custom-made con- 
nectors eliminate the damage to the 
BBC machine caused by inferior pro- 
ducts. Units are electronically tested 
before, during and after manufacture. 
And all this is backed up by the ARIES 
1 year no quibble guarantee. 
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WHAT THE PRESS SAID 


“the most exciting add-on” 
- Times Educational Supplement, March 1984 


“a very professional product” 
- A& B Computing, March/April 1984 


“an attractive solution to the lack of sufficient mem- 
ory on the Beeb” - Beebug, March 1984 


“this is an impressive piece of equipment in its own 
right and deserves to be taken seriously” 
: - Acorn User, April 1984 


“the trouble with a paged RAM system is that the 
software has to be aware that it is there. The Aries 
RAM board gets round this limitation brilliantly” 

- The Micro User, June 1984 


NOW AVAILABLE THROUGH DEALERS 


To cope with the continuing growth of demand, the 
unique ARIES-B20 RAM expansion has now been 
made available through selected dealers. Although 
ARIES-B20 can be fitted by a complete layman in a 
matter of minutes, a fitting service is offered by 
approved dealers to those customers unwilling to 
delve inside the case of their BBC Micro. 


The recommended retail price of ARIES-B20 is just 
£115 (inc VAT) for the B20 board, operating system 
extension ROM and detailed manual. Enquire at 
your local dealer or order direct by post from the 
Manufacturers (see below). 


(Machine requirements: Model ‘B’, MOS 1.2. 
Hardware plugs into CPU socket, software uses 
one sideways ROM socket 


How to order: - 

Send cheque or postal order made @ Please send me (Qty.) ................. ARIES-B20(s) at £115.00 
aa to: & (incl. P.P. & VAT) 

ries Computers m7 
sined forward te: : | enclose a cheque/postal order made payable to 

& Aries Computers forf........, 

Aries Computers aS 
Science Park, Milton Road, = PM et eee HWE eS he we 
Cambridge CB4 4BH mg Name (lock loiter) 2... be ee ea ea ewes 
Telephone Cambridge (0223) 862614 B Address .................------0-00000. 
Aries Computers is a trading name of ry 
Cambridge Computer Consubunts Liatied, : Oe & epee Bets ag ds Ceti nA ci bh ean oe PostCode... ........, 
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0S9: multi-tasking 
for the common man 


UNIX is the word on the lips of the computer world, but what of 
0S9? Mike James raves about this multi-tasking operating 


system, already avai able 


ise Tt is. st real operating 
system to Be offered for a price that home 
users can afford. OS9 on the Dragon 64 is 
only £39.95 (including VAT) and this makes 
it one of the cheapest operating systems 
irrespective of quality or performance! The 
reason for my enthusiasm is that at the 
‘upper’, ie expensive, end of the computer 
market there is currently a lot of talk and 
excitement about big operating systems 
that look and behave like UNIX. 
UNIX mania has been around for about a 
year now and it shows no signs of growing 
weaker, but until OS9 there really was no 
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uts on the Dragon 64. 


Just think what computing would be like if 
CP/M has been sold originally for the same 
price as UNIX is today — a lot of CP/M soft- 
ware would never have been written ~ 
that's for sure! I'm not suggesting that OS9 
will become the CP/M of the future but an 
operating system that incoporates many of 
the features offered by OS9 most certainly 
will. With all this talk of the future it is pos- 
sible to miss an important fact about OS9 — 
it is available NOW and there is already 
enough applications software that runs 
under it to sink a battle ship. 


CP/M considered 


The eight-bit micros that we have all grown 
to know so well, mainly the Z80 and the 
6502, are not really powerful enough to run 
full operating systems. In fact most of the 
chunks of software that are currently refer- 
red to as ‘operating systems’ are really 
nothing more than software disk inter- 
faces. That is, the only real job that a pro- 
gram such as CP/M does is to organise 
disk storage into named files. Some ver- 
sions of BASIC, Applesoft for example, 


j have even included the disc handling com- 


mands and so removed the need for a 


|) distinctly separate operating system. The 


jobs that a comprehensive system has to 


perform certainly include looking after disc 


=p storage, but this is only a special case of 


e€ more general activity of ‘managing’ the 
machine’s ‘resources’. 
The fact that a computer has a range of 


40S9 is the first real operating system to be offered at 
a price home users can afford’. 


way that anyone with a low (roughly less 
than £5,000) budget could get involved. 
OS9 is a UNIX ‘look alike’ that is itself 
cheap AND runs on low cost hardware. 
This means that for the first time it is pos- 
sible for the real computer enthusiasts to 
get involved and both share in the excite- 
ment of something new and show the high 
cost computer users what it’s all about. 


resources is more obvious when you look 
at a large mainframe machine. However, 
even with a small micro it soon becomes 
clear that different applications make 
different demands of the hardware. For 
example, one program might use very little 
memory but quite a lot of processor time, 
another might use very little processor time 
because it spends most of its time waiting 
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for data to be read off disk. Once you start 
thinking about it, it is obvious that every 
computer has a range of resources which 
are used more or less depending on the 
application in hand. These resources 
include:. processor time (more usually 
referred to as CPU time), memory alloca- 
tion, disk space, printer use, etc. The 
purpose of an operating system is to man- 
age these resources so that the users get 
best value from their machines. 


Task switching 


The way that we currently use micro- 
computers is interesting because it makes 
no attempt to manage or avoid wasting 
resources. For example, if a program isn’t 
using the printer, it just sits there, if 
a program cannot use all of the memory ' 
that is available then it remains unused and 
so on. The key to making better use of a 
machine’s resources is to get it to run more 
than one thing at a time. If there is any left- 
over memory then it seems sensible to load 
another program into it; if the printer isn’t 
being used then why not find it something 
to print. Of course the snag with this excel- 
lent suggestion is that each program that 
you want to run will need its own proces- 
sor, because one processor can only do 
one thing at a time. The way around this is 
to arrange things so that the processor is 
the main resource that is shared by a 
number of tasks. At any one moment the 
processor can only be doing one thing but 
this doesn’t stop it from switching its 
“attention” between a number of different 
tasks. This task switching is usually 
arranged to occur so quickly that, to a user, 
it really does look as though the machine is 
doing more than one thing at a time. 

‘Task switching’ is one of the main 
characteristics of an operating system but 
to make it possible there are a whole host 
of other things that have to be done. For 
example, if more than one program is 
going to be run at a time then the operating 
system must be able to manage the 
memory in such a way that more programs 
can be loaded at the same time. If you think 
this sounds like an easy problem then you 
haven't thought about such things as mak- 
ing sure that there is enough space to load 
a program, making sure that one program 
cannot use another’s allocation of memory 
and packing as many programs in as pos- 
sible. In the same way, the disc filing 
system has to be set up so that more than 
one program can use it at once and the 
same is true of the printer or any other 
peripheral connected to the system. 

Finally, it is worth pointing out that there 
are two distinct ways of running more than 
one program at a time. You can allow a 
single user to do this, a process known as 
‘multi-tasking’, or you can permit more 
than one person to use the system at the 
same time, this is called ‘multi-user’. Up to 
this time most microcomputer operating 
systems have been ‘single-user/single- 
tasking’ systems. Now operating systems 
such as Unix and OS9 are threatening to 
bring us out of the dark ages into a ‘multi- 


user/multi-tasking’ world. As far as most 
personal computer users are concerned 
the most important part of this change is 
multi-tasking. It’s not difficult to see that 
there is almost something contradictory 
about a multi-user personal computer! 


0S9 multi-tasking 


OS9 multi-tasking is very easy to use. 
When you first start OS9 running (by simply 
inserting the OS9 disk and typing BOOT) 
you are greeted by a log on message that 
asks you to enter the date. After this you 
are presented with the prompt “OS9!” 
which is an indication that you can type 
commands to load programs, catalogue 
disks etc. In fact this prompt is issued, not 
by OS9, but by a program running under it 
called ‘the shell’. The shell is really nothing 
more than a command line interpreter that 
continually looks at the input from the 
keyboard and then makes the appropriate 
calls to OS9 to implement whatever com- 
mands it detects. The advantage of this is 
that you can specify a different program to 
be run in place of the shell when you first 
boot up. In this way it is possible to create 
applications disks that keep the user well 
away from OS9 by loading the text proces- 
sing/accounts/stock control or whatever is 
needed as soon as the system is started. 
If you type a command such as: 
DIR 

to the shell it immediately loads a program 
called CMD/DIR and sets it running as an 
independent ‘task’. That is, the CPU will 
switch its attention between the DIR pro- 
gram and the shell in the manner described 
earlier and give the impression that both 
programs are being run at the same time. 
The DIR program reads the disk and prints 
a catalogue of file names on the screen (ie 
it gives the user a DiRectory of the disk). 
After loading the DIR program the shell 
simply waits for it to finish. Thus, even 
though the two programs are being treated 
as separate tasks, because the shell waits 
for the DIR program it looks as though only 
the DIR program is running! To stop the 
shell from waiting for the DIR program to 
finish all you have to do is add an amper- 
sand to the end of the command: 


DIR & 


This will set the DIR program running and 
the shell will carry on reading input lines 
and acting on them. The only trouble with 
this is that both the DIR program and the 
shell are trying to send output to the screen 
and this causes a rather mixed-up display. 
Obviously if more than one program is 
going to be running at the same time there 
has to be some way of easily redirecting 
output and this is exactly what OS9 pro- 
vides in its redirection operators “<” and 
*>", 

Notice that OS9, (following Unix) treats 
all programs that you want to run as inde- 
pendent tasks, allocates them an area of 
memory and a share of the processor time. 
In this way multi-tasking is the same and if 
programs are to be run one at a time then 
each one has to wait for is predecessor to 
finish. This approach greatly simplifies the 
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OS$ is available on the Dragon 64 


design of the operating system and 
much easier than treating seque tial 
execution as the norm and then trying {¢ 
add on multi-tasking at alaterstage. 7 
Technically the details of the ys 
deals with multi-tasking are also inte: 
ing. All OS9 assembly language progra 
have to be written in ‘position independél ent 
code’ (usually abbreviated to PIC) that can 
be loaded and run anywhere in memory, 
Writing PIC is difficult if not impossible wi 
the older eight-bit micros such as the 28 
and 6502 but the 6809 was designed to 
make it easy. All machine code and datais 
formatted into ‘memory modules’ t 
includes a header block that the systen 
can use to find out what it is and large itis 
Thus OS9’s memory management prob 
lems are reduced to loading memor 
modules into free areas of memory 
Memory is allocated in units of 256 b 
pages and as long as there are enough ffé 
pages forming a continuous block { 
accommodate a module it can be loadet 
and run. Notice that, although it is q 
feasible for there to be enough tol 
memory free to run a module it is impos 
sible because the free pages are scattere 
around memory and do not form a cd 
tinuous block. This problem is known’ 
‘memory fragmentation’ and it is some 
thing that all multi-tasking operatin 
systems have to cope with. 4 
Apart from memory management O§ 
also has to share the processor's tiff 
among the different programs loaded i 
memory. This is achieved by the use of 
regular system interrupt every 1 00ms (ie 
times a second) that causes the procesg¢ 
to ‘consider’ changing to running a 
program. The processor only co! 
changing because there may not 
another program worth running! :F 
example, if the only other program) 
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memory is waiting for a printer to be ready 
to accept another character of data 
(remember compared to computers, prin- 
ters are very slow) there is no point in 
changing. In general programs in memory 
are either active and ready to run; waiting 
for the completion of another program; or 
sleeping, that is waiting for a specific 
period or fgr a specific signal. Obviously 
only the programs that are active are consi- 
dered as possible candidates for running. 
Which of the active programs is selected 
depends on the user-assigned priorities 
and the amount of time that a program has 
been waiting. 

One of the problems with multi-tasking 
operating systems is that they attempt to 
manage the computer's resources effi- 
ciently but they often take so much 
memory and processor time for them- 
selves that they leave very little in the way 
of resources for user programs! This is a 
factor which discourages people from 
using Unix as it takes around 100K of 
memory just to load it! OS9 is remarkably 
different and takes less than 16K of 
memory (most of which can be in the form 
of ROM if necessary). By comparison 
single-user/single-tasking operating 
systems take around 10K and look 
distinctly greedy when you consider the 
services that they offer. All things con- 
sidered OS9 is very small and efficient for 
an operating system of its type — this has 
no doubt something to do with the 6809 
and the way it has been used. 
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The filing system 


If more than one program and possibly 
more than one user, is going to be handled 
by a machine then the disk filing system 
has to be more sophisticated than those 
offered by CP/M, Flex etc. Even in single- 
user systems the simple single catalogue 


‘0S9 treats all programs as independent tasks, 
sharing memory and processor time’. 


approach to organising files can lead to dif- 
ficulties. How often have you catalogued a 
disk in an effort to find a file only to be faced 
with pages of output listing hundreds of 
files that you have never heard of. The 
problem is particularly acute when a 
system is using hard disk drives or any 
other large capacity storage device. OS9 
solves the problem of trying to find a file in 
a huge single directory by allowing the user 
to create as many directories as required. 
At first this idea of multiple directories 
sounds complicated but, in fact, it is a 
great simplification. In the OS9 filing 
system there are three types of file — data 
files, directories and devices. Data files 
correspond to the usual sort of file encoun- 


tered in other disk systems — ie it can be 
used to hold text, data or programs. Direc- 
tory files are, as their name suggests, files 
that contain the names and other inform- 
ation on other files in the system, So, for 
example, on the OS9 system disc there is a 
directory file called CMDS and one called 
SYS. The command: 


DIR CMDS 


will give a listing of all the files in the CMDS 
directory and 


DIR SYS 


will give a similar listing for the SYS direc- 
tory. The existence of a number of direc- 
tories simply makes it possible to store files 
in appropriate groups; for example, all the 
system programs would be stored in the 
SYS directory. However, the real power of 
this method only becomes clear when you 
realise that there is nothing to stop any file 
being a directory. For example, the file 
TESTS in the SYS directory might itself be 
a directory, possibly containing the names 
of machine diagnostic programs. To find 
out what is stored in TESTS you would 
have to give its full name — DIR SYS/TESTS 
— ie TESTS is a directory within the SYS 
directory. To refer to a file in the TESTS 
directory, DCHECK say, you would have to | 
use SYS/TESTS/DCHECK — ie DCHECK is 
the program stored in the TESTS directory, 
which itself is stored in the SYS directory. A 
file name that involves a number of direc- 
tories in this way is referred to as a ‘path 
name’ because it is the route that you have 
to take through the directories to find the 
file. 

The use of path names and multiple 
directories results in a file system that is 
often referred to as ‘hierarchical’ or ‘tree 
structured’. For example, if| create adirec- | 
tory called BOOKS and within it | then 
create a two directories called GAMES and 
DRAGON and then within each of these | 


might create text files called CHAP1, 
CHAP2 and so on. This situation can be 
summed up by the following diagram: 


GAMES DRAGON 


CHAP1 CHAP2 CHAP1 


CHAP2 
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You can now see that for example, the path 
name BOOKS/DRAGON/CHAP1 really 
does describe a ‘path’ through the filing 
system that leads to the file in question. 
Notice also that there can be more than 
one file with the same file name eg CHAP1, 
but each file always has a unique path 
name. 

This sort of hierarchical filing system is 
easier to use than the single directory 
system. For example, if | wanted to dis- 
cover what books were stored on the disc 
all | would have to type is DIR BOOKS. 
However, if the current book that | was 
working on was DRAGON, it would soon 
become tedious to have to type the full 
path name each time | wanted Chapter 
Two say — ie LIST BOOKS/DRAGON/ 
CHAP2 when a listing was required. OS9 
solves this problem by allowing each user 
to set up ‘working directories’. For 
example, following the command 


CHD BOOKS/DRAGON 


a simple reference to CHAP2 would be 
taken to mean 


BOOKS/DRAGON/CHAP2 


‘The symbol “!” creates a channel of communication 
called a pipe between a pair of programs’. 


use but its essential characteristics are 
determined by the fact that it is hierarchi- 
cal. 


Now that the purpose of an operating 
system has been outlined the time has 
come to look at OS9 and see how it com- 
pares to the theory. This month the multi- 
tasking abilities of OS9 are examined and 
the way that it handles discs and other I/O 
devices is explored. The second part of the 
article will describe how OS9 and the 
Dragon get along together and will provide 
an overview of the vast range of software 
that runs under it. 


Other 0S9 1/0 


The main part of OS9’s I/O system has 
already been described in the last section. 
The filing system is a very important part of 
any operating system but for the user it is 
just one of a number of places that data 
can be sent to and received from. For 


System Device Directory 
+ + 


{ 
DO Root Directory 
tee--------- te-------- —+ 
! 


startup 


os9Defs copy list dir 


(CHD stands for CHange Data directory), In 
this way you can avoid having to type full 
path names more than is strictly required. 
OS9 actually allows the user two different 
current directories — an execution directory 
where any programs that are needed are 
assumed to be stored and a data directory 
where data files are stored. 

Another interesting feature of the OS9 fil- 
ing system is the way that the existence of 
different storage devices is treated. Each 
device is associated with a file that 
describes it. These device files are set up at 
the time that the system is created and 
cannot be changed. For example, the main 
disk is usually referred to as DO and a 
second disk would be D1. Device files can 
only occur at the start of a path name and 
they must be preceded by a slash. Thus 
DIR /D1 would give a directory of the files at 
the start of the hierarchy on disk one. This 
use of device files makes it possible almost 
to treat different devices as offshoots of 
the filing system tree. 

There are various other details of the 
OS$9 filing system that make it very easy to 


Dl Root Directory 
+ 


! t 
filel file2 


! 


del backup 


example, you can send data to a disc file or 
you can send it to a printer and in an ideal 
operating system there should be no real 
difference between the two. In other words 


you should be able to write a program that - 


generates data without worrying about 
where it is going to. In OS9 all I/O is treated 
as a stream of bytes and different I/O 
devices are treated as device files. For 
example, the printer is associated with a 
device file called ‘p’ and so it is as easy for 
aprogram to send data to the printer as toa 
disk file. This similarity between all types of 
/O can best be seen in the way that the 
shell can be used to redirect I/O. Normally 
the DIR command sends its output to the 
screen but this can easily be changed: 


DIR BOOKS>CAT 


will send its output to a disk filed called 
CAT (in the current working directory) and 


DIR BOOKS>/P 


will send the output to the printer. In the 
same way the ‘<’ sign can be used to make 
a program take input from somewhere else 
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other than the keyboard. For example, 
UPDATE <BATCH1 


will make the program UPDATE take its 
instructions from a disk file called BATCH1 
instead of the keyboard. You can use both 
‘<’ and ‘>’ to redirect both input and out- 
put to a program to a disc file or any other 
device. 

I/O redirection is of most use when you 
are trying to run a number of programs at 
the same time and don’t want them all to be 
trying to use the screen and the keyboard 
at the same time. However there is another 
sort of I/O redirection that allows com- 
munication between a pair of programs 
that are running concurrently. For 
example, if you use the command line: 


UPDATE<MASTER-—FILE ! SORT ! 
FORMAT-—TABLE >/P 


then the three programs UPDATE, SORT 
and FORMAT—TABLE will be loaded and 
run concurrently. The input to the UPDATE 
program is taken from the disk file 
MASTER-—FILE and its output is sent, as a 
stream of bytes to SORT, which then pas- 
ses its outputs as FORMAT-—TABLE, 
finally the output of FORMAT—TABLE is 
printed. The symbol “!” creates a channel 
of communication called a ‘pipe’ between 
a pair of programs that are being executed 
at the same time. OS9 automatically looks 
after the transfer of data between the pro- 
gram and makes sure that the program that 
is waiting for input never ‘gets ahead’ of the 
one that is generating the output. 

The unified system of I/O is one of the 
many advantages of using an advanced 
operating system. It is all to easy, however, 
to concentrate on individual details of an 
operating system and not see how they fit 
together. For example, combining |/O re- 
direction with the multi-tasking capabilities 
of OS9 gives what other operating systems 
refer to as ‘printer spooling’. For example: 


DIR>/P& 


sends the output of the DIR command to 
the printer as a separate task. In other 
words the shell returns immediately, ready 
to accept other commands from the user 
while the printer is kept busy printing the 
directory — this is what resource manage- 
ment is all about! 

In this all too brief look at OS9 its advan- 
tages and methods of working have been 
described but without reference to any 
particular piece of hardware. Obviously an 
operating system ease of use is also a 
function of the power and quality of the 
hardware that is running it. Next month the 
subject of how well the Dragon 64 runs 
OS9 and how suited they are to each other 
is taken up along with a brief survey of 
some OS9 software and the incredible 
BASIC 09 which is certainly a better 
BASIC. 
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peas 


Paul Beverley, author of the new Service 
Manual for the BBC Microcomputer, 
continues this series of articles in which he 


tries to explain some of the complexities of 


the 6522 versatile interface adaptor. 


Having looked tast month at the first main 
feature of the versatile interface adaptor 
and its two 8-bit parailel ports, we can now 
turn our attention to the counter-timers. 
The VIA contains two 16-bit binary down- 
counters which can be used either to count 
pulses from outside the computer, or to 


count the clock pulses applied to the chip. 


from the internal system clock (1MHz on 
the BBC microcomputer despite having a 
2MHz clock for the 6502 itself). Counting 
1MHz clock pulses also provides a timing 
facility since the value held in the counter- 
timer registers represents a time in micro- 
seconds. This is why they are referred to as 
both timers and counters, but rather than 
talking about “counter-timers” all the time, 
| shall use the terms “counter” and “timer” 
interchangably. 

The description of the chip as a whole as 
being “versatile” applies equally to the 
timers, but because of their versatility they 
are also rather complex. They can be used 
to generate time delays, to measure time or 
frequency and to act as pulse generators. 
In order to understand how they work, we 
will look at them first of all in general terms, 
and then try to show a variety of applica- 
tions to illustrate the principles. 

In referring to the various addresses 
associated with the timers | shall be using 
those of the “external” VIA of the BBC 
microcomputer — the one used for the 
User Port and Printer Port. This has the 
address range, &FE60 to &FEG6F. If you 
have a different microcomputer that also 
uses the 6522 VIA, then you will need to 
change the base address, which is the first 
three hexadecimal digits. There are seven 
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to one relationship between addresses 
and registers. The two timers referred to as 
T1 and T2 are represented in Figure 1 as 
four 8-bit registers using addresses 
&FE64, &FE65, &FE68 and &FE69. These 
are the addresses used to read the values 
in the two 16-bit timers. 

Timer 1 is connected permanently to the 
1MHz clock pulses, and is therefore con- 
tinuously decrementing. The basic use of 


LOW ORDER 
BYTES 


HIGH ORDER 
BYTES 


pba yo ge sf 


MHz PULSES 


PULSES ON PB6 


&FEG4 &FEGS 


t 
HO ee 


ACR (&FE6B) 


Figure 1. Basic addresses of the two timers and possible pulse sources. 


addresses associated with the timers: six 
addresses used to transfer data to and 
from the timers (&FE64 to &FE69), and one, 
the auxilliary control register (&FE6B), 
which is used to control the modes of oper- 
ation of the timers. The other two 
addresses which we will need to use later 
are &FE6D and &FE6E, the interrupt flag 
register and the interrupt enable register. 
There are actually seven registers 
associated with the six data transfer 
addresses, and there is by no means a one 


the timers is to produce time delays by 
loading a particular value into them and let- 
ting them count down towards zero. When 
they reach zero, the processor can be 
informed of the fact either by the VIA set- 
ting a flag, ie setting one bit of the interrupt 
flag register to logic 1, or by generating an 
interrupt. 

As shown in Figure 1, Timer 2 has two 
possible sources of pulses. The first is the 
same as Timer 1 —the 1MHz clock pulses — 
but the alternative is PB6 which can be 
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used to take in a stream of pulses from 
some external source. Switching between 
the two is achieved, not by a hardware 
switch, but by changing the contents of bit 
5 of the auxilliary control register. 

One consequence of the fact that Timer 
1 is permanently fed from the 1MHz pulses 
is that it is continuously changing. To illus- 
trate this, using a BBC micro, try typing in: 


10 REPEAT 
20 PRINT “!&FE64 AND &FFFF 
30 UNTIL FALSE 


This picks off the values of the low and high 
bytes of Timer 1 and displays them as a 
single hexadecimal number. The number 
will be seen to be changing continuously. 
Better still, if you have a Disc Doctor ROM, 
try typing in "MZAP FE60 and you will see a 
continuous display of the contents of all 
the registers of both the internal VIA and 
the external VIA and the external VIA (two 
copies of each in fact. Since the address 
decoding is not complete, ie the internal 
VIA can be accessed either from &FE40 to 
&FE4F or from &FE5O to &FESF and simi- 
larly the external VIA can be accessed 
either from &FE60 to &FE6F or from &FE70 
to &FE7F). The contents of all the four 
addresses given in Figure 1 will be seen to 
be changing, as will those of Timer 1 in the 
internal VIA (&FE44 and &FE45), whereas 
Timer 2 in the internal VIA (&FE48 and 
&FE49) is not counting. The reason is that 


‘timers can be used to 
generate time delays, 


measure time, or act as 
pulse generators. 


Timer 2 is set up by the operating system 
ready to count pulses coming in on its PB6 
line from the speech chip, but since there 
are no pulses, its value is not changing. 


e o,0 

Register writing 

Having established that it is not too difficult 
to read the timers using four addresses for 
the four registers, we turn our attention to 
writing to these registers. The problem is 
that we want to load a 16-bit counter, but 
the 6502, having an 8-bit data bus, can 
only handle 8 bits of data at a time. This 
means that if you load one of the 8-bit 
registers then by the time you have loaded 
the other byte, the first byte may well have 
changed. To overcome this problem, the 
designers ‘of the VIA have provided extra 
registers which are referred to as “latches”. 
The idea is that each latch is a temporary 
store for the number which is to be trans- 
ferred to the counter register when 
required. Timer 2 having only one latch, 
illustrates this more simply than Timer 1 
which has two latches, so we will look at 
Timer 2 first. 

Figure 2 illustrates what happens when 
reading and writing the addresses 
associated with Timer 2. As we have 
already said, reading these two addresses 
simply gives the current values of the 


ad ved & ay 
The BBC 6522 VIA chip (arrowed). 


upper and lower bytes of Timer 2. How- 
ever, if you write into &FE68, the data is not 
transferred into the counter register 
directly, but into the latch. It is only when 
you write into the high byte of the counter, 
using &FE69, that the VIA triggers the 


transfer of the data from the latch into the 
low byte of the counter register. This 
means that the action of writing to the high 
byte effectively loads all sixteen bits at 
once, and the timing or counting then 
starts, 


TRIGGERS 


_——— 


_— 


TRANSFER 


ACTION 


Figure 2. Data transfers for timer 2. 
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Timer 1, as shown in Figure 3, has four 
registers and four addresses. Reading the 
four addresses gives you the values con- 
tained in the counter registers and the 
latches respectively. However if you try to 
write to the low order counter (&FE64), then 
the data does not go into the counter but 


“The practical examples 
use BASIC, there is no 
need to resort to machine 
code”. 


straight into the latch. In other words, it has 
exactly the same effect as writing directly 
into the latch at &FE66. If you write to regis- 
ter &FE67 then the data only goes into the 
high order latch, but it is not transferred 
into the high order counter. 


Writing to register &FE65 puts the 
information into both the latch and the 
counter register. Also, as with Timer 2, writ- 
ing to the high byte of the counter has the 
effect of triggering the transfer of the data 
from the low order latch into the low order 
counter. Thus we have effectively a sixteen 
bit load occurring when we write to &FE65. 

The extra latch associated with Timer 1 
is not necessary for normal loading of the 
timer, but is used in the so-called “free- 
running” mode, as opposed to the Usual 


es 


Figure 3. Data transters for timer 1. 


“one-shot” mode. In the free-running | 


mode, every time the timer goes through 
zero, the VIA, as well as signalling the pro- 
cessor, also automatically re-loads the 
timer from the high and low order latches. 
This process will carry on ad-infinitum or 
until the timer is changed back into the 
one-shot mode. A typical application of the 
free-running mode is to produce a regular 
train of interrupts such as those used on 
the BBC microcomputer to up-date the 
centisecond clock for the TIME facility. 

In the one-shot mode the number is 
loaded into the timer, and when this passes 
through zero the processor is signalled. 


Figure 4. Summary of the auxilliary control register functions. 
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However, although the timer continues to 
decrement indefinitely, no ‘further signal- 
ling to the processor occurs unless the 
timer is re-loaded and it “times out” again. 
The one-shot mode also applies to Timer 2 
when it is counting pulses coming in on 
PB6. The original design intention was that 
the user specifies the number of pulses to 
be counter and this value is stored in Timer 
2. When that number of pulses has arrived, 
the T2 interrupt flag is set and an interrupt 
can be generated if needed. 


Another useful facility which the VIA has, 
associated with the Timer 1, is the possi- 
bility of producing an output on PB7 to sig- 
nal the end of the timing interval. In the 
free-running mode, every time the timer 
reaches zero, the state of the PB7 line is 
changed. In the one-shot mode, when 
Timer 1 high byte is loaded, PB7 goes from 
logic 1 to logic 0, and then at the end of the 
time interval, it returns to logic 1. 


Control of the various functions of the 
timers is achieved by using three of the bits 
of the auxilliary control register (ACR) at 
&FE6B. Bit 5 relates to Timer 2, and bits 6 
and 7 to Timer 1. A summary of these-is 
given in Figure 4. Bit 5 selects either 1MHz 
pulses or pulses coming in on PB6, to be 
applied to Timer 2. Bit 6 selects either the 
one-shot mode or the free-running mode 
for Timer 1, and bit 7 is used co determine 
whether PB7 is an output from Timer 1, or 
whether it is either an input or an output as 
controlled by bit 7 of the data direction 
register, as explained last month. A 
number of the published 6522 data sheets 
are incorrect at this point since they say 
that bit 7 of the data direction register must 
be set to logic 1 as well as bit 7 of the ACR 
in order to get PB7 to act as an output for 
Timer 1. This is not so — only the ACR, but 
7 must be set, and when it is set, reading 
&FE60 (port B) shows the current value of 
the PB7 line as set by the timer. Whether or 
not bit 7 of the data direction register is set, 
if bit 7 of the ACR is set, writing to &FE6O 
has no effect whatsoever on PB7 - it is 
entirely under the control of Timer 1. 


One interesting but possibly useless fact 


ELECTRONICS & COMPUTING MONTHLY - 53 


FEATURE 


LISTING 1 


?&FES6B = &CO =: 
?RFE6S = 8B : 
Lx = &FE&6 
Hi = &FE&7 


?L% = NX MOD 256 
?H% = N% DIV 256 
NEXT 

END 


FRFESB = &2@ 3 
?7&FE6B = &FF : 
PRFEGS = &FF 

?&FE6B = @ 1 
REM line to be 
°RFE6B = &20 : 


timed 


is that if PB6 is set as an output by putting 

.a 1 in bit 6 of the data direction register B 
(&FE62), then if you write 1's and 0’s to PB6 
using address &FE60, it will actually cause 
Timer 2 to decrement just as if the pulses 
were coming in from outside the VIA. This 
might be useful if you wanted to send out a 
specified number of pulses, counting them 
automatically on T2. 


Flags and Interrupts 


We have shown then that PB7 can be used 
to signal devices outside the computer that 
the end of a time interval has been 
reached. However, in order to alert the pro- 
cessor itself, the interrupt flag register at 
&FE6D is used. This has two bits which are 
used as flags to show whether each of the 
timers has “timed out”, as the data sheets 
put it. If bit 5 is set, then Timer 2 has timed 
out and if bit 6 is set then Timer 1 has 
timed out. The processor can therefore 
determine whether either timer has 
reached zero by checking the appropriate 
bit. The flags can then be re-set to zero 
either by reading the appropriate low order 
timer register, or writing the high order 
timer register. 

The alternative approach is to get the VIA 
to generate an interrupt automatically 
when either of the flags is set. If one of 
these interrupts is enabled, then as soon as 
the flag is set, the VIA pulls the IRQ line low. 
This signals the processor to go off into its 
interrupt service routine which has then to 
include a check to see whether the VIA 

| itself is the source of the interrupt, and if so 
to respond accordingly. This will be dealt 
with in'more detail in a later article. 


e * 

Applications 

To illustrate practical examples of the use 
of these timers, | have chosen two applica- 
tions which can be implemented in BASIC 
so that you do not need a knowledge of 
machine code, and also so that they are 
easy to translate onto other micro- 
computers. The first program uses Timer 1 
in the free-running mode with PB7 as out- 
put (ACR =?&FE6B = &CO = 1100 0000 
binary = 192 decimal) in order to generate 
a square wave pulse. The listing given as 


~ To produce a square wave output on PB7. 


REM Ti free-running 
REM Start the timer 
: REM Ti low latch 

: REM T1 high latch 
FOR N% = @ TO 45535 STEP 18 


LISTING 2 — To measure the time of a BASIC program line. 


REM Timer 2 pulse counting mode 
REM Start with maximum values 


REM Switch to 1 MHz pulses 


REM Stop Timer 2 
PRINT &FFFF — (?&FE68 + 256 # ?&FE69) — B42 
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BASIC program line. 


20 
38 
40 
5@ 
68 
78 
6a 
98 
120 
118 
120 
138 
148 
150 
168 
178 
180 
198 


Bz = @ 
EX = &28 


PAZ = EX 


FOR N% 


PAL. = 
IF TH < 


NEXT 


program 1 starts by generating the highest 
possible frequency (timer value = 0) which 
produces a frequency of 250kHz and then 
sweeping through to the lowest output fre- 
quency which is 7.6Hz (131 milliseconds). 
The PB7 line inverts once every time the 
timer counts down through &0000 to 
&FFFF and then takes 1 microsecond to re- 
load it, thus N% is the number loaded 
into the latches, the time between the 
inversions is N% + 2, and thus the period 
of the output pulses is 2 * (N% + 2) micro- 
seconds. Therefore N% = 0 produces a 
pulse with a period of 2 * (0 + 2) = 4 micro 
seconds ie a frequency of 250kHz. 

Once the pulses have been started by 
writing to &FE65, the program only alters 
the contents of the latches (&@FE66 and 
&FE67) rather than the timers. The reason 
is that if you change the timers, the pulse 
re-starts as soon as the high byte is loaded 
rather than finishing the current timing 
cycle. This tends to produce shortened 
pulses which have a larger proportion of 
higher harmonics, which at audio frequen- 
cies is quite noticeable. 


Another effect which you may notice 
with this program is that, because the two 
bytes of the new number are loaded sepa- 
rately at the relatively slow speed of 
BASIC, it produces a slight hiccup each 
time the high byte of N% changes. To over- 
come this, on the BBC micro, you can use 
!L% = N% in place of lines 60 and 70. The 
only trouble with this is that !L% is a four 


“The description “versatile” applies to the timers”, 


byte “poke” so that it would poke zeros 
into &FE68 and &FE69, and so Timer 2 
could not be used in the same program. 

If you have access to an oscilloscope 
you can look at the square wave produced 
on PB7. Alternatively if you have an audio 
amplifier you could “listen” to the pulses, 
although you won’t hear much at 250kHz! 
Remember though that the pulses are OV 
to +5V and it is therefore a good idea to 
feed them into a 10k or 100k potentiometer 
and take the signal from the wiper of the 
potentiometer to the amplifier input with 
the 0 voits line to the screen or ground of 
the input. 


10 X% = 1000 : 


A% = &FE6B 


MINK = &FFFF 

= 1 TO X% 
7&FE68 = &FF 
PRFE69 = BFF 
PAL = BK 
REM Line 
EX 
TH = &FFFF — (?&FE68 + 256 * ?&FE69) 


total% = totalz% + Tx 
Tz = totalz% / X% 


PRINT “Average value 
PRINT "Minimum value 


-time is therefore increased by the length 


LISTING 3 — To give the average and minimum execution times Ty 


REM number of timing 
samples for averaging 


: REM switch 1 MHz pulses off 


to be timed 


MIN%? THEN MINZ = TX 


"; TH - 536 
“; MINZ - 513 


Timing BASIC program 
lines 


The second application is measuring t thi co 
execution times of BASIC program lines 
This is done by using the fact that Timer2 
can effectively be stopped and started b 
switching its pulse source between ‘the 
1MHz clock and PBB. If there are no pulses 
coming in, the selecting PB6 stops thé 
count and the value that it has reached can 
be read even from within BASIC wit 
getting incorrect readings. The simp 
version of this is shown as Listing 2. If 
run this on the BBC micro but do not 
any line 50 at all, then you should get 
answer of zero. This can be adjusted 
changing the number subtracted in line 7 
However, what you will find is that 
number you get tends to vary — someti 
0 and sometimes other values. The ri 
for this is that in the BBC microcompute 
considerable use is made of interrupts fo 
the normal running of the machine, Thus;if 
an interrupt occurs during the execution of 
a BASIC program line, the interpretations 
halted temporarily whilst the VIA timer 
keeps ticking away. The overall execution 


time taken to service the interrupt. O a 
microcomputer which does not make us@- 
of regular interrupts, the time value given 
by this program would not vary. q 
Listing 3 takes account of this variation 
which is due to interrupts, times the lin 


under test a number of times as set by , 
and comes up with the average time také 
and also the minimum (uninterrupted) t n 
Again, the numbers subtracted in lines 18 
and 190 are such as to give zero for bof 
the averaged and minimum times with 
110 deleted altogether. The values s 
are those when running the program 
out any REM statements. ; 

In next month’s feature, we will look@ 
the idea of using the timers to measure 
times, in microseconds, of various é 
either occurring within the comput 
signalled from outside by changes on on 
or more of the port lines acting as input 
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SOFTWARE 


Improve your view 


Brian Alderwick and Peter Simpson have a few improvements for 
those of you who have bought Acorn’s ‘VIEW’ wordprocessor. 


Many of the people who have bought the 
Acorn ‘VIEW’ word processor for their BBC 
micros have found it to be a very valuable 
aid in the production of well laid out 
documentation. One large drawback that 
many people experience is the limited pro- 
vision for sending commands to the 
printer. Modern printers, such as the 
Epson RX80 and FX80, have a large 
number of special features which it might 
be desirable to use, and the provision of 
only two highlight keys makes access dif- 
ficult. 

The normal method of interfacing the 


| word processor to the printer is by the use 


of a printer driver. This program translates 
highlight codes from VIEW into appropriate 
control code sequences to send to the 
printer. The printer driver program is writ- 
ten in assembly language and assembled 
into machine code to live in page four ie 
&400 to &4FF. The first restriction that one 
comes up against when writing a driver is 


| that 256 bytes is just not large enough, 


since it is difficult to squeeze more than 
about six different functions into one page. 
The second restriction is that only two 


‘highlight codes are simultaneously avail- 


able from the function keys as defined in 
VIEW. If more are needed the codes must 
be redefined with the ‘HT’ command whilst 
typing in the text. 

A dump or hex listing of the contents of 
the VIEW ROM shows that only about 12K 
out of 16K is used which leaves more than 
enough room to provide extensive built-in 
driver routines. It is possible to transfer the 
program to a 27128 EPROM and add the 
additional code for the drivers. To effect 
the transfer, access to an EPROM pro- 
grammer is necessary. An alternative is to 
use a ‘sideways’ RAM board. 

BEEBUG’s EXMON utility chip has a 
facility to copy any sideways ROM down 
into RAM. Furthermore, Solidisk Tech- 
nology have been supplying purchasers of 
their RAM boards with programs to copy 
both the Acorn DFS 0.90 and the Com- 
puter Concepts Wordwise chips so that 
modifications may be made to the code to 


| introduce new functions. Next month 


E&CM will feature its own listing to enable 
you to download the ROM onto EPROM 
and add the improvements in Listing 1. 


| Features 


The accompanying programs add the fol- 
lowing facilities to VIEW A1.4 without the 
need to load a printer driver from disc or 


| cassette:- 


4 


1) VIEW enters a default screen mode 
which can be chosen at the time of pro- 
gramming the EPROM and will probably be 
MODE 3, 6 or 7. 

2) VIEW will automatically engage a 
named built-in printer driver which can be 
chosen from EPSON (for the MX, RX and 
FX printers), JUKI (for 6100 model), or 
DEFAULT. Again, this choice is made 
before programming. 

3) Ten additional highlights are pro- 
vided. These are selected by depressing 
SHIFT/CONTROL and one of the red func- 
tion keys as shown in Table 1. VIEW nor- 
mally has two highlight commands (SHIFT 
f4 and SHIFT f5) and if one wishes to use 
more than these in a document, then one or 
other of the keys must have its definition 
changed with the HT edit command (SHIFT 
f8) followed by the new highlight code. The 
new software provides ten additional high- 
light keys making such_ redefinitions 
unnecessary. Highlights 1 and 2, SHIFT f4 
and SHIFT 65, still give their normal default 
values of highlight code ie 128 and 129 
respectively and appear as their normal 
characters, but in inverse video. Codes 
130 to 139 are obtained by simultaneous 
depression fo SHIFT/CONTROL and one 
of the function keys f0 to f9. In other than 
MODE 7, highlight code 130 is shown as an 
inverse video up arrow (for superscript) 
and highlight code 131 is shown as an 
inverse video down arrow (for subscript). 
Highlight codes 132 to 139 are denoted by 
inverse video numbers 2 to 9 respectively. 

This gives a very clear indication of these 
codes at a glance. 

Unfortunately, if MODE 7 is used, the 
characters representing these codes will 
be in normal video as it is not easy to 
achieve inverse video in this mode. In 
MODE 7 highlight codes 130 to 139 are 
represented by normal video numbers 0 to 
9 respectively. Users who wish to use a 40 
character display and have the enhanced 
highlight markers, may use MODE 6, but of 
course, this would leave less memory free 
than in MODE 7. The new highlight codes 
are used in exactly the same manner as the 
original two highlight codes. Code 138, 
SHIFT/CONTROL f8, gives one and a half 
line spacing and this was found useful. 
However, since it is not provided as 
standard in VIEW, no account of this is 
taken when VIEW counts the lines to deter- 
mine the page length. Therefore, when 
using code 138 the page length should be 
set to two thirds of its original value with the 
edit command PL. Thus if the default PL of 
66 is normally used when PL should be set 
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to 44. 

Any documenmts prepared on the 
standard VIEW will reflect these changes, 
that is, inverse video highlight markers will 
show in screen modes other than MODE 7. 
Any redefinitions of the HT command will 
act as normal. It should be noted that some 
of the above highlight codes cannot be 
used simultaneously, this being a function 
of the printer, full details are given in the 
relevant printer manual. 

4) Anew edit command, the CL com- 
mand has been added to simplify entry of 
global highlight codes. This is obtained by 
entering the new edit command ie SHIFT 
f8 and then CL <return>) followed by a 
highlight name as in the table, That high- 
light will then become effective. It should 
be noted that two highlights or more can be 
given in the same command, but they must 
be separated by a comma or space. Where 
changes of highlight are needed in mid- 
line, the normal highlight system can still 
be used. If the highlight is to be turned off a 
second identical command should be 
given. Thus CL ELITE, LINEANDAHALF will 
select the elite typeface and line and a half 
spacing. 

5) The facility in 4 above has been 
extended to enable any sequence of num- 
bers to be sent directly to the printer. This 
allows functions not covered in the twelve 
provided to be activated and is identical to 
the Wordwise OC command. The numbers 
are sent by using the CL edit command fol- 
lowed by SENDPRINTER and the numbers 
required. These should be decimal num- 
bers and separated by spaces or commas 
eg SHIFT f8 CL <retum> SENDPRINTER 
7 would sound the bell on an Epson printer. 
This system will sends commands to any 
printer, not only those for which drivers are 
inbuilt. 

6) A pad character has been added 
which will be converted to a space when 
printed but which otherwise behaves as a 
printable character. This is useful when it is 
preferable that words should not be split 
over two lines or when it is desirable that 
soft spaces be prevented from being 
inserted at a particular place. The pad 
character is produced by simultaneously 
pressing SHIFT/CONTROL and the COPY 
key. It is represented in the text by an 
inverse video P. 

7) A backspace facility has been 
added that will allow the printer head to 
move backwards. this can be useful for 
printing superscripts and subscripts, one 
above the other such as is often the case 
with equations. The key sequence which 
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sictenpteeh eee 


a ay ig 


Ea ee 


Tae 


ren Soe a ern a eer 


eS ee ee 


produces the backspace is SHIFT/CON- 
TROL and a simultaneous CURSOR LEFT. 
The character will be displayed as a inverse 
video back arrow. It should be noted that if 
a backspace is used to do dual super/sub- 
script then the longer of the pair should be 
done last so as not to overwrite the shorter 
of the pair when continuing to print nor- 
mally. The column counter has been mod- 
ified to account for backspaces, therefore, 
formatting will not be affected. If MODE 7 is 
used for either of thew facilities in 6 or 7, the 
video will be normal and not inverse for the 
P and back arrow. 


8) Both the £ sign and # are now avail- 
able directly from the appropriate key for 
the built in drivers. It is not necessary to 
change the character set between English 
and USA to achieve this. 


9) In VIEW the CONTROL/f9 user 
defined key has not been used so it has 
been utilised to provide a °C. This should 
be useful in academic or scientific circles. 


10) One problem with using VIEW in 
the sheets mode is that the printer driver on 
and off commands are called at the begin- 
ning and the end of each sheet respec- 
tively. This can cause problems because 
the initialisation routines often clear the 
highlight flags. Thus it becomes necessary 
to switch the required highlights such as 
double-strike or elite on at the beginning of 
every page. The new software overcomes 
this problem by setting a flag in RAM at 
&100 to indicate whether the open or close 
is the first or last in the document. Inter- 
mediate on and off calls may thus be 
treated differently to the initial and final 
calls, circumventing the problem. 

11) Another shortcoming of VIEW is 
the fact that if a highlight is set in a header 
then that highlight will be ignored. Code 
has been added which overcomes this 
problem and highlights will now be treated 
correctly. 

12) Three characteristics have been 
found in VIEW that all affect the formatting 
of a document and have been changed 
such that:- 


Keys to be 
Highlight HT Code pressed 
Underline 128 Sh£4 
Emphasised 129 Sh£5 
Superscript 130 ShCt£0 
Subscript 131 Shctet 
Enlarged 132 ShCte£2 
Condensed 133 ShCte£3 
Italic 134 Shcte4 
Doublestrike 135 ShCt&5 
Elite 136 ShCt£6 
Pica 137 ShCt£7 
Lineandahalt 138 ShCt£8 
Proportional 139 ShCte9 
Pad ShCtCp 
Backspace ShCt< 
Other features Microspacing 


fand # 


X 
Note: Sh = SHIFT Ct=CONTROL Cp=COPY fn=FUNCTIONKEYn 


A) HT codes areignored in determining 
how many words will fit on one line. 

B) Soft Spaces are not converted to 
hard spaces, as has been found under cer- 
tain editing conditions. 

C) Lines are reformatted only when 
necessary when in the Insert mode. 

13) The *HELP STORED command will 
now display all the highlight commands 
together with their codes and characters 
as they will appear in the current screen 
mode as well as details of the additional 
facilities and the status of the power up 
options. 


es e 

Modifications 

The modifications are effected by running 
the program in Listing 1 once the ROM is 
copied to EPROM. Listing 1 should be 
typed in omitting the leading spaces in the 
assembly language statements and the 
REMs to ensure that enough memory is 
available for the program to run. 

After entering Listing 1, run it and 
answer ‘Y’ to the test run question. A 
default set of options will be selected 
automatically and the machine code willbe 
assembled. Checksums will then be calcu- 
lated for each 128 byte block and com- 
pared to the correct values. If an error is 
found, an appropriate message is printed 
describing the address range within which 
the error was located. Should an error be 
found then re-run the program and use 
CONTROL/SHIFT to stop the scrolling as 
necessary to examine the screen listing. 
From this, determine which assembly 
language instructions have been assem- 
bled into the address range and check 
these against the magazine listing. 
Remember that an error in one block may 
cause all subsequent blocks to be appa- 
rently incorrect, so the recommended pro- 
cedure is to re-run the test option after 
each error is found and corrected. When 
the program runs with no errors in the test 
mode, answer ‘N’ to the test run question 
and you will be able to choose your own 
options in response to further questions. 


Printer 
Epson Epson Epson Juki 
MX80-3 RX80 FX80 6100 
X x xX x 
X x X 
x x x x 
x x X x 
xX x x x 
x x xX X 
x X 
x x Xx x 
x x Xx 
Xx xX x 
x x x X 
x 
x x x xX 
x x Xx 
X 
x x X 


< = LEFT CURSOR 
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SOFTWARE 


No error checking is performed this time 
since each user will choose his own 
options which alter the code and these 
cannot be predicted in advance. 

The program in Listing 1, which is in 
BASIC 2, will create a machine code driver 
program. This new program will then be 
saved to disc or cassette for later use by 
the second program. You will be asked for 
your selected default options ie Epson 
interface type, Juki interface type, paper 
eject, screen mode, power up printer driver 
and the power up default status of justifica- 
tion, insertion and format. 

The driver interface option must be 
selected for each of the drivers ie no printer 
(sets “FX5,0), parallel or serial. 

The, paper eject facility allows an extra 
sheet of paper to eject from the printer after 
your document has been printed. On some 
printers this saves the need to do a form 
feed in order to tear off the paper. 

The default screen mode is chosen with 
regard to the display characteristics of 
your equipment. It is suggested that MODE 
3 is used for monitors and MODE 6 or 7 for 
normal TV sets. 

The printer driver selected at power up 
should, obviously, match the printer that 
you own. If your printer is not catered for, 
then DEFAULT should be chosen. Once 
operating in VIEW either of the other driv- 
ers may be entered by the normal 
PRINTER command, eg PRINTER JUKI will 
invoke the Juki driver, but it should be 
noted that PRINTER by itself is used to 
select the DEFAULT driver. The DEFAULT 
driver can be used with the facility 
described in 5 above to allow control of any 
printer. Other printer drivers can be loaded 
from cassette or disc provided they are not 
called EPSON or JUKI. 

The option is given in this program to 
choose the default status (on or off) of jus- 
tification, insertion and format so that you 
may tailor these facilities to your own 
requirements. 

Listing 2 will be given next month. Itis a 
program that has four functions. First, it 
does an intelligent search for the VIEW 
ROM ie it looks in socket 15 for VIEW and if 
it is not there it then looks in descending 
order until it finds it. Once found, an image 
is created starting at &3000. 

Secondly, the program changes the 
contents of some locations which enables 
links to be made to the driver code pro- 
duced by program one. It also changes the 
version number for A1.4 to B1.4. This latter 
change is done purely to identify which 
version of VIEW is in use. 

Thirdly, the previously saved driver code 
is loaded back into memory at &6000 to 
combine with the existing code and finally 
the whole of the code from &3000 to &7000 
is saved under the title VIEWMOD. 

All that is then necessary is to program 
this file into an EPROM, or for those with 
‘sideways’ RAM cards, to load the VIEW- 
MOD file. Listing 2 should be double 
checked since no error checking is built 
into this program and errors will be difficult 
to locate in VIEW. 
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10 
20 
40 
40 
50 
60 
70 
0 
90 
100 
116 
120 
130 
140 
150 
160 
i7o 


180 
190 
200 
71¢ 
220 
230 
240 
250 
260 
270 
280 
290 
360 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
ado 
"Ow 
ening 
450 
460 


HEMAM AACA AR ee ee 


REM* = 
REM* VIEW MODIFICATION * 
REM im 
REM* PROGHAM 1 * 
REN* * 
REM* in BASIC 2 * 
REM* * 
REM* by * 
REN" * 
REM* PWG Simpson * 
REM* i 
REM* and * 
REN* * 
REM® BY Alderwick * 

* 

* 


REM* 
REM‘ ++ ether 


MODET 

neffects=13 

base=s100 

repeatflag=base 

npass=base+l 

total=basetZ 

tempx=base+3 

tempy=baset4 

pointer=base+5 

po=base+6 

drivereffecta=s40F 

flag=6420 

osnewlesFFE? 

Ogwrchs4FFEE 

OBABCIFEFFES 

osbytesaPPra 

osfind=4FPCE 

osword=4FFPL 

INPUT"IS THIS A TEST RUN (¥/N)*,A5S 
IF AS<>"¥" AND A$<>“N“ THEN 360 

IF A$="N" THEN CL5:GOTO430 
epsonint=L:jukiint=1:pthrow=TRUE 
modes="3" :defprinter$="EPSON" 
just=Or¢ingerteO:form=D 
testrun=TRUE:GOTO8 50 

testrunsPALSE 

PRINT"Enter EPSON interface type"~ 
No peinter"“"] = Parallel interfac 
* Serial interface"~ 

AG=GET-48 

LE A€>2 OR ACO THEN PRINTSAR;" is 


an incorrect interface type":GOTO440 


470 
460 


epsonint=Ab 
PRINT "EPSON anterface is type "76 


psanint 


ELT 
$00 
510 


LP NOT FNok THEN44O 
CLS 
PRINT"Enter JUKI interface type"** 


"0 = No printer"’“] = Parallel interface 
"2 = Serial interface’ * 


520 
$30 


AbMGET-46 
IF Aw>2 OR AYO THEN PRINT;AQ;" is 


an incorrect interface type":GOTOS1O 


S40 
550 
Klipt 
560 
570 


2390 
2400 
2qd1a 
2420 
2430 
2440 
2450 
24dbo 
2470 
2460 
2490 
2500 
2510 
2520 
2330 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
2760 
2770 
2786 
2790 
2300 
2410 


jukiantens 
PRINT'"JUKI interface is type ";ju 


IF NOT FNok THEN 510 
CLS 


SCUS"Itighlignt code not supported" 
EGUB 0 


PEF VAX: CPKX#2:BCC ef2 
CPK#e4:BCS efé 
:LDXéneffacts 
driveref fects 
TAX 
driveretfects 
LOxX#tneffects 
LDA flag+lO:BEQ ef2 
JSR drivereffects 
LOA#O:STA flagt+loO 
LOX#LO 
sef2 JSR drivereffects 
RTS 


-epsopt LoY#d 
RTS 


.Opson LOA repeatilag:BEQ ep2 
LOA#LS: TSR oswreh 
LDA#S : LDX#epsonint 
LDY#O1JSR osbyte 
JSR pron 
LOACASC"@": ISR esc 
LOAASC"R": JSR esc 
LOA@O:TSR pronly 
LOAKASC"S":JSR esc 
LOAAOGISR pronly 
LOAWOTLOX#16 

sep STA flag,X 
DEAtHPL epé 
STA repeatflag 
RTS 


+en2 JSR pron 
LDAGASC™B":,1SR esc 
RTS 


,epsoff LDA repeatflag:BEQ ep3 


| 
If pthrow THEN [OPT I%:LDA#12:J5R 


oronly?] 


2420 
2430 
2840 
2850 
7660 
2870 
2880 
2896 
2900 
2910 
2920 
2930 
2940 
2950 
2960 
2570 
2900 
2990 
300u 
3010 
3020 
3040 


i OPT 18 
LNAKASC"H"1J5R esc 
sep3 JER proff 
RTS 


-@pagomi RTS 


+@psout PHPiSTX tempx 
STY tempy?PHA 
CMP#36:BNE eps 
LOASASC"R": JSR esc 
LOA#3:ISR pronly 
LDA#I54¢JSR pronly 
LEASASC"R™:ISK esc 
LOA#¢O: JSR pronly 
JSR proff 
LOAKS6:JSR oswrech 
JSR fron 
IMP epé 


Ops CMPHL28:BCC eps 
JERR effects 


580 PRINT"Do you want an extra blank 
page to be thrown when printing has f 


~dinished on the EPSON (¥/N) ?"; 


590 AS=GETS 
600 IF AS<>"¥" AND AS<>"N" THEN PRINT: 
GOTOSEO 
610 IP AS="¥" THEN pthrow=TRUE ELSE pt 
hrow=FALSE 
620 CLS 
630 PRINT"In which screen mode do yo 
u want VIEW to power up?" 
640 AS=GETS 
650 IF A$<"0" OR A$>"7" THEN PRINT "In 
correct mode” ":GOTO630 
660 modeS=AS 
670 PRINT ’"Default mode will be mode " 
imode$ 
680 IF NOT FNok THEN 630 
690 CLS 
700 INPUT"Which printer driver do you 
want VIEW to load on power up",AS 
710 IF A§="" THEN AS="DEFAULT"™ 
720 IF A$<>“EPSON" AND A$<>"JUKI™ AND 
AS<>"“DEFAULT™ THEN PRINT “That printer d 
river does not exist" ’:GOTO7TO0 
730 defprinter$=A$ 
740 IP A$="DEFAULT" THEN defprinter$=" 
“ 
750 PRINT "Default driver will be “;A$ 
760 IF NOT FNok THEN 700 
770 CLS:INFUT"Do you want JUSTIPICA 
TION on or off? Enter O or 1 - "just 
780 just=just*255 
790 TF {just<>0) AND (just<>255) THEN 
770 
800 CLS:INPUT"Do you want INSERTION 
mode on or off? Enter 0 OR 1 ~- “insert 
$10 insert=255*(1-insert} 
820 IF {insert<>0} AND (insert<>255) T 
HEN 800 
830 CLS:INPUT"DoO you want FORMAT mo 
de on or off? Enter 0 OR 1 - "form 
840 IP (form<>0) AND (form<>1) THEN 83 
i) t 
850 CLS:PRINT"Assembling code"” 
860 DIM code &E00 
870 IF testrun THEN tr=l ELSE tr#0 
630 FORIt=4 TO 6+tr STEP 2+tr 
890 PRINT"Pass ";{Ie-4)/{2+tr}+l 
900 Pe=6B8000;0%=code 
910 [ 
920 
930 
940 endflag 
950 stcomms 
960 help 
970 comsrch 
980 hilites 
990 prehar 
1000 scen 
1010 secheck 
1020 sefix 
1030 forfix 
1040 forfixa 
1050 forfixb 
1060 forfixc 


3040 IMP ep6é 

3050 

3060,ep9 JSR ogasci 

3070,ep6 PLA:LOX tempx 

43080 LbY tempy: PLP 

3090 RTS 

3100 

3110.epseff LDA flag,X:BNE eps 
3120 LDA epon,X:JSR esc 
3130 STA Elag,X 

4140 LDA epon2,X:BMI ep? 
3150 JSR pronly 

3160.ep7 RTS 

3170 

3180.ep8 LDA epoff,X:JSR ese 
3190 LDA epoff2,X:BMI ep20 
3200 JSR pronly 
3210.ep20 LDAGO1STA flag,X 
3220 RTS 

3230 

3240.epon EQUS"-ESSW";EQUB 15 
3250 EQUS" 4GMPAp#A” 

3260 

3270.epon2 EQUD sOLOOFFO] 

3280 EQUD &FFFPFFO] 

3296 EQUD 40112FPFP 

3300 EQUW 60508 

3310 

3320,epoft EQUS"-FTTW7SHPP2péa"™ 
4330 

3340.epoff2 EQUD &FFFFFEOO 

3350 EQUD SPFFF1200 

3360 EQUO &OOFFFFFE 

3370 EQUW £0C08 

3380 

3390. jukiopt LDY#1 

3400 RTS 

3410 

3420.jukion LDA repeatflag:BEQ juz 
3430 LDA#15:J5SR oswrch 
3440 LDA#S:LDX#jukiint 
3450 LDY#0:JSR osbyte 
3460 JSR pron 

3470 LDAt26:JSR esc 

3480 LDAGASC"I":35R pronly 
3490 LDA#O: LDX#L6é 
35600,ju3 STA flag,k 

3510 DEX;BPL ju3 

3520 LDAROISTA repeatilag 
3530 RTS 

4540 

3650. juz JSR pron 

3560 RTS 

3570 

3580. 4ukioff JSR proff 

3596 RTS 

3600 

3610, gukshmi LDA#31:ISR ese 

3620 INK: TXA:JSR pronly 
3630 DEX 

3640 RTS 

3650 

3660, jukiout PHP:STX tempx 

3670 STY tempy:PHA 

3686 CMPS96:BNE jud 

3690 LDA#ASC" I": JSR esc 


60 - ELECTRONICS & COMPUTING MONTHLY 


1070 
1080 
1050 
1100 
1tio 
1120 
1130 
ll4o 
1150 
1160 


“1170 


1180 
1190 
1200 
1210 
1226 
1230 
1240 
1256 
1260 
1270 
1280 
1296 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
13706 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 


.~prcode 
»preoded 


+»preode3 


=preede2 


+prfound 


+prtable 


+epstab 


«jukitab 


+ jué 


-jukietf 


-endflag 


setmf£ix 
edcofix 
spltfix 
concfix 
confixa 
delcfix 
hdftftx3 
hndftfix2 
hdftfix 
gtmfix 
padfix 
hdftfx4 
formht 
JMP reform 
gMP tbhform 
UMP modes 


PHP: PHAtTXA:PHA:TYA: PHA 
LOX#0:LDY#0 

LDA prtable,X:BEQ prfound 
LDA &7D8,¥ 

CMP#13:BEQ prfound 
CMP#ASC"A":BMI prcode3 
AND#&DF 

CMP prtable,X:BNE prcode2 
INX:INY 

JMP proeode4 


LOY #0; INX 

LDA prtable,X:BNE prcode2 
INX;INX: INX 

LDA prtable,X:BNE preode4 
PLA: TAY: PLA; TAX: PLA: PLP 
JSR 687B4 

RTS 


LDA &7D8,¥ 

CMP#13:BNE prcode2 

LDA prtable,X:BNE prcode2 
LDA O:PHA:LDA 1:PHA 

LDA prtable+1,X:STA 0 
LDA prtable+2,X:STA 1 
LOY#&11 

LDA(O},¥:STA 6400,¥ 
DEY;BPL loop 

PLA: STA 1;PLA:STA 0 
PLA: TAY:PLA:TAX:PLA:PLP 
RTS 


EQUS*“EPSON" :EQUB 0 
EQUW epstab 
EQUS"JUKI":EQUB 0 
EQUW jukitab:EQUB 0 


JMP epsout 
JMP epson 
IMP. epsoff 
JMP epsshmi 
JMP epsopt 
JMP epseff 


UMP jukiout 
OMP jukion 
IMP jukioff 
JMP jukshmi 
IMP jukiopt 


JSR proff 
LDA#36:JSR oswreh 
JSR pron 

JMP ju6 


CMP#1L2B:BCC ju9 
JSR effects 
UMP ju6 


JSR osasci 
CMP#ED:BNE ju6 

LDA Flag+i+BEQ i” 
LDA#O;STA flag+ 
LDX#1:J5R jukieff£ 
LDA flag+7:BEQ 4u6é 
LDA#O:STA flag+? 
LDX#7rJSR jukieff 
PLA:LDX tempx 

LDY tempy:PLP 

RTS 


LBA flag,X:BNE jus 
LDA juon,X:JSR esc 
STA flag,X 

LDA juon2,X:BMI ju7 
JSR pronly 

RTS 


LDA juoff,X:J5R esc 
LDA juoff5,X:BMI juz0 
JSR pronly 

LDA#O:STA flag,X 

RTS 


EQUS"EWDU*:EQUW &1F1F 
EQUS"1LO";EQUB &1F 
EQUW S1E]F:EQUB"11" 
EQUB 30 


EQUD &PFPFFFFF 
EQUD &FFFFO910 
EQUD &PFODODOB 
EQUW £0608 


EQUS"RsUDSS1&5s* 
EQUB 41E:EQUS*11" 
EQUB 30 


EQUD &FFFFFFFF 
EQUD 4FFFFFFFF 
EQUD 4SFPOSFFFF 
EQUW 60908 


PHP: PHA 

LOA#éFF:STA repeatflag 
PLA:PLP: JSR £8422 

RTS 


JSR &8BE1:PHP:PHA 
LDA#6PF:STA repeatflag 
PLA:PLP 

RTS 


PHP: PHA; TXA:PHA:TYA:PHA 
JSR escape 
LDA#3:LDX#2:JSR osbyte 


1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1610 
1820 
1830 
1840 
1850 
1860 
1870 
1680 
1890 
1900 


1910 ~ 


1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 


2090 


2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 


JMP jukieff 


,errstop JSR osnewl 
LDAHSPF:STA repeatflag 
LDA#6:0SR 6908A 
LDA#OrTAY; JSR opfind 
RTS 


-getnum LDA#O:STA total:STA npass 
DEY 
-getnum3 INY 
LDA{&5},¥ 
CMP#32;BEQ getnum3 
CMP#ASC",":BEQ getnum} 
-getnum2 CMP¢13:BEQ gnend 
CMP#ASC"O":BCC gnend 
CMP#ASC’:":BCS gnend 
SEC: SBCH48:PHA - 
LDA total:ASL AiPHA 
ASL ArASL AtSTA total 
PLA: CLC:ADC total 
STA total 
PLA: CLC:ADC total 
STA total 
INC npass:INY:LDA(&5),¥ 
SMP getnum2 


+gnend STY pointer 
LDA npass:CLC:BNE gnend2 
sec 

-gnend2 LDA total 
RTS: 


-table EQUS"UNDERLINE" :EQUW 0 
EQUS"EMPHASISED" :EQUWE100 
EQUS"SUPERSCRIPT™ : RQUWE200 
EQUS"SUBSCRIPT" : EQUWEI00 
EQUS"ENLARGED" :EQUWs 400 
EQUS"CONDENSED" :EQUW&500 
EQUS" ITALIC" :BQUWE600 
EQUS"DOUBLESTRIKE" : EQUWé 700 
EQUS "ELITE" sEQUWsH00 
BQUS"PICA" :EQUWE&900 
EQUS"LINEANDAHALF™ :EQUW6A00 
EQUS" PROPORTIONAL” :EQUWs B00 
EQUS“SENDPRINTER" 1 EQUW&FFOO 
EQUB 0 


+pronly PHA:LDA#@1:JSR oswrch 
PLA: JSR Oswreh 
RTS: 


PHA: LDA#27:7SR pronly 
PLA:JSR pronly 
RTS. 


+pron LOA#2:JSR oswreh 
RTS 


»proft LOA#3:JSR oswreeh 
RTS 


effects SEC:SBCH126 
CmPénef€ects:BCC ef3 
JSR erretop 
BRKsEQUB 0 


LOA#GFF; PHA 

PLA: CLCrADC#1:PHAs TAX 
LDY prnamea,X;BEQ byte? 
LDA#1 36: LOX#0:JSR osbyte 
OMP byte} 


JSR ichars 

PLA 

PLA: TAY :PLA: TAX: PLA: PLP 
JSR osbyte 

RTS 


EQUS"OLD"+EQUB 13 
EQUS"*FXI"1EQUB 13 
EQUS"MODE " 

EQUS modeS:EQUB 13 
EQUS"PRINTER " 

EQUS defprinter$:EQUA 13 
EQUB 0 


LOA#ASC"C” 

CMP 667:BNE cl2 

LDA#ASC"L” 

CMP £88:BEQ cbuilt 
+12 JMP commend 


-Cbuilt LDX#O¢LOY#2 

-ebuilt2 INY 
LDA(&5),¥ 
CMP#65:BCC cbuilt2 
CMP#123:BCS cbuilt2 
STY pointer :DEY 
INY 
LOA table,X:BEQ found 
LOA(&5),¥ 
CMPH13:3EQ found 
CMPAASC™ ":BEQ found 
Bcc pr4 
CMP#1L23;BCS pra 
CMPYASC",";BEQ found 
CMPPYASC"A":BMI pr3 
AND#EDF 
CMP table,X+BNE pr2 
INX: 1NY 
JMP prs 


LOY pointer: INX 
LDA table,X:BNE pr2 
INK: INX 

LDA table,X:BNE pr5 
JSR errstop 

LOY pointer 
LOACKS),¥ 

CMP#ASC' *:BEQ pré 
CMPéASC",": BEG pré 
CMP#13:BEQ pré 

JSR oswrch:INyY 

MP prio 


spre BRK 
EQUB 0 

EQUS” is not a valid CL command," 
EQUB 0 


» found LDA(&5),¥ 
CMP#33:BCC fo2 
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6340 JMP 49558 
6350 7010 .confixa 
CMP¢&£91;BNE pc? 6360 3 UMP &97B) 
LDAts2A 6370 
tabl ) JMP pcé 6380 gry 437 
Ui 6390 LDA(&B8S),Y:BPL scfix3 
table, rs ) CMP 4690: BNE 6400 CMP#S90:BCC scfix2 7060 .,cfaxae DEY:RTS 
LDA #& 50 6410 ANDAD 7070 
MP pcb 6420 RTS 7080 .delefix LDA(6S),¥:BPL delcfixe 
6430 7090 :BCS dekcix2 
CMP ESE: BNE 6440 .scfix2 LDA[&85),¥ 7100 
LDA#ESB 6450 .scfix3 ATS 7110 
JmMP pcé 6460 7120 .delcfx2 
6470 .forfix Cmp#ad0:BCS Ff2 7130 
6480 ORA#O:BPL ff2 7140 .hdftfx3 
€490 OMP &A2CE 7150 p t 
6500 . 7160 LDA(&69),Y:BPT. hdftix3 
6510 OMP &AZDB 7170 CMPSs9 cC ohdafttxd 
SEC: S8C#s10:LbY £84 6520 7180 RTS 
IMP pe2o 6530 .forfixa LDA(&9),¥ 7190 
6540 CMP¥&90:8CS ff5 7200 ,hdftfx2 LDA1687),¥ 
TSR osbyte 6550 RAWO:BPL f£f5 7210 CMP#61 C hff22 
LDAGSE4;LOX#6BC:LDYAD 6560 JMP &94A0 7220 CMP#61D EQ hff22 
JSR osbyte 6570 7230 CMP#69D: bdft3 
119:STX pb 6580 .ff5 UMP 69450 7240 2 > hff£23 
LDAN6C:STA pb+i 6590 7250 
LDAA&FF:STA pb+2:STA pbt+3 6600 .forfixb CMP#&£90:BCS 7260 *Y:BPL hdft3 
529C ,commend L chl LDX pb:LDA invehars,X 6610 CMP#&E7F:BCS 7270 CMP*S9F ;BCS hdft2 
5300 K 59 STA pb+4:LDAA6 6620 .ffixb3 JMP &952A 7280 .hEE22 
5 LDX#pb MOD 256 6630 7290 
-chout LDY#pb OLY 256:JSR osword 6640 .ffixb2 JMP £9563 7300 
DEC pb:BPL 6650 F310 .naft2 
LOA&sP:JSR oswreh 6660 .forfixc LDA(s5),¥ 7320 
hili2 6670 CMP#&90:BCS 7330 
BQ hili2 2 $680 LDA(&5),¥ 7340 ,hdft3 
CMPW69E:BNE nilis . ce a 6690 .ffixc2 PHP 7350 
BEQ bsperr 6 -5¢ <BNE s 6700 JMP 6A318 7360 .hdftfx4 LDY#0:LDA 684 
6 6710 7370 CLC:ADC total: TAX 
-sech IMP &A12F 6720 .setmfix LDA(&5},¥ 7380 RTS 
6730 CMP#&90;BCS smfix2 7390 
+escape PHA: TXAiPHA 6740 LOA[&5},¥ 7400 .hdftfix STX tempx;J5R 49 
LOA¢SE1:J5R reskeys 6750 .smfix2 PHP 7410 LOX tempx;JSR 49077 
LDA#6E2:05R reskeys 6760 OMP 6AS4B 7420 CMP#SBO; BCC haftfs 
LDA#&E3:0SR reskeys 6770 7430 LDA £670,¥ 
LDA#6E4:JSK reskeys 6780 .edcofix LDA(685),Y¥ T440 CMP¥E9D BEG hdftfxa 
PLA: TAX: PLA: LDY #0 6790 CMP#690:BCS e@fz 7456 CMP*&S9ErBNE hdft{xb 
RTS 6800 LDA(685),Y¥:BPL ecf2 7460 JSR hdftfxb 
6810 JMP 68C43 7470 .ndftfixb D 437 
LDX#0;:LOY#0:JS ; 6820 7480 .hdftfixa 
RTS 6830 .e IMP &8CR6 7490 
6840 7500 . LDA(&9),Y:BPL geumf5 
ettk2 6850 .spltfix LDA(&5),¥ 7510 CMP#690:BCS gtmfS 
= e€fk4 6860 CMP¥&90;BCS splfix3 7520 RTS 7 
&97R1 6870 LDA(&5),¥:BMI splfix2 5530 
SR $97BL 6880 .splfix3 RTS 7540 .qtm£5 PLA:PLA:LDA(69),¥ 
&97BE 68390 7550 IMP &AGSE 
tJSR &YTBI $300 .splfix2 P r 7560 
6910 3 7570 
6920 7580 
6936 .conctix 7590 
6940 C 
6956 
6960 ~confix3 
6970 
6980 ,confixed PLA:PLA 4 t CMP#AIC REQ Phtd 
6990 RTS 5 CMP ¥s BRQ fnti 


EQUB 13 DATA 16184,16506,11476, 
QUS"Underline 20 DATA 12805,12766,12863, 
EQuUWSD90 3330 DATA 
EQUS"Emphasised t DATA 
:8T¥ total 1 c EQuUW&Dg1 DATA 9579, 8722, 
22 PF EQUS"Superscript  shtct+f6 360 DATA 11185 
UDSALSEBLEF ¢ EQUWEDS2 ER=0 
419999 :EOUDSF99 9B IEF é EQUS"Subscript shtcttfl 9 FOR 1%*code TO 04-128 STEP 
FPESESE9 : EOULSC3I9ICIFE EQUWEDS3 9 5 
B3 EQUNS&FFC349999 :EQUDS999981 FF B60 EQUS"Enlarged shtct+£2 0 FOR Jt=0 TO 127 
CMPRASC"*" REQ ro 30 EQUDSFFF9FI9S| :5QUDE0 :EQUDEO EQUWS894 S*=Sh+(147I%} 
INC total >13:B3 ME EQUUS 999981FF :EQUDSPFSPSFS1 EQUS"Condensed shtct+f3 9420 NEXT 
D&BEEIFIFF ; EQUDSFFPIEISE $90 EQUW&DS5 9 READ Tt 
G wS"Italic < IF St=T¢ THEN 9480 
&AQEE: PHP ¢ 96 s -code+&B009 
CMP#61B:BEQ Loz 920 JS"Doublestrike 5s g PRINT"ERROR IN BLOCK FROM 4"; 
4390 IMP end2 3 W& DOT O 6"; St+n7F 
adad EQUS"Blite shrct+f6 9 t=1 
BQUWED9B NEXT 
9 BQUS"Pica sh+et+e? 9490 TF BG=0 THEN PRINT*Checksums 
2 1:PHA > EQUW6D99 LSE PRINT "MAKE SURE CHEC [MQ NUMBER 
LOA#helpmes MOD 256:STA © 980 BQUS"Lineandahalf shect+fA THE DATA" "STATEMENT 1 ICT BEPORE 
LOA#helpmes DIV 256:STA 1 BQUWSD9A HECKING" “THE SOURCE COUR!" 
LDY#0:LDA#12:JSR oswrch c BQUS"Proportional sh+ct+f9 9500 IF testrun TH 
LDA#14:JSR oswrch 9 EQUWSDIB mpleted" 
EQUS "Pad sh+ct+copy 9510 IF Ft<>0 OR 
EQUWsSD9D 3520 PRINT" 
EQUS "Backspace sht+ctecsrlfit VMODS" :OSCLI (" 
JSR osasci 50 EQUW&D9E “ +E00") 
INY:BNE lob 9 EQUS"Degrees C et+ego 9530 END 
Inc i EQUBS92:EQUS"0": EQUB&92:EQUS"C" 9540 
TYAPPRA 0 UMP lo6 EQUB 13 9550 DEFFNok 
JA total :PHA EQUS"Sendprinter CL command only” 9560 PRINT‘"*Is this correct (¥/ 
7940 ,reb2o ALF), ¥3 TINY 560 - sTyY yids : 30 EBQUWEODOD: EQUDsGDODNDOD 9570 AS"GETS 
Bans CMPGASC™>" :BEQ re LDY y EQUB12 $80 IFAS<>"¥"ANDAS<>"N"THENS560 
1 IMP 9 EQUS" POWER UP STATUS AND STORED 9590 PRINT“ 
COMMANDS" 9600 IFAS="Y"THEN =TRUE ELSE =FALSE 
STY , 9130 EQUWsODOD: ] 3610 
JSR osbyte:CPY#3:BEG log? 9140 PROCst{ "Formatting", "forme0 9620 DEF PROCSt(x$,¥$) 
) E } CPY#6 :B lo 9150 PROCSt(“Justification","just=0") 39630 OPT 1% 
ref “ D LDA#13 9160 PROCst!{ "Insertion", “insert<>6"} 5640 Equus “$+" = * 
JSR osasci:DEY:BNE lod 9170 PROCint("EPSON",epsonint) 9650 
S080 bOBAG SEX 5 LbY tempy:LDA#12 9180 PROCst("EPSON Pagethrow", "pthrow" |] 9660 [IF EVAL(Y$] THEN [OPTL*: 
an3a0 1 Im? 103 9190 PROCint("JUKI", jukiint) QUBL3:] ELSE [OPTI&:EQUS"off 
4106 67 9200 IFdefprinter$=""THEN AS="DEFAULT" 9670 ENDPROC 
S1LC mode LL 0 TSX:LDAWO:STA $11B,X ELSE AS=defprinter$ 9680 
8126 dé ; 691 PLA { 2 1% 9690 DEF PROCintLX$,X) 
Bi 5G LDAtinser N85 8700 PLA:TAY:PLA:TAX: PLA 9 US"Screen mode - *+mode$:EQUB13 9700 OPT I%:EQUS XS+" Interfac 
6.40 RTS I PLP 9 EQUS"“Printer driver - “+A$ e destination - *:] 
RTS 240 EQUWSODOD 9710 ON X#1 GOTO 9720,9730,9740 
9250 US" CL fuction,functicr $720 OPT 1%:EQUS"Naone";EQUBL 
4740 .nelpmes & HIGHLIGHT COM 9260 EQUB 0:] ] :ENDPROC 
MANDS" 9270 NEXT 9730 OPT I#:EQUS"Parallet" 
8750 EQUWSODOD 9280 PRINT “Completed” “"Code located f Bl3:):ENDPROC 
8760 EQUS" . KEYS CHARA rom &";~code;" TO 5";~C# 9740 [ OPT 14:EQUS"Serial";EQUB 
vehars EQUDSFFFFFFFF CT 9290 IF NOT testrun THEN 9520 14: ):ENDPROC 
QUDSFFBIA LEE SEQUDACIHIETPF 77 9300 PRINT ‘"Starting checksums” > 
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DO IT ON A DISK 


Disk drives leave cassette recorders standing when it comes to 
speed and storage capacity. Liz Gregory delves into their inner 
workings, and examines the pros and cons of buying a drive. 


As more and more users demand greater 
memory capacity and reliability, disk drives 
are increasing in their popularity as 
peripherals. There is now a greater variety 
of devices on the market and prices are fal- 
ling as competition grows. Thus the luxury 
which used only to be afforded the busi- 
ness user has now become viable for the 
home micro owner. 

Disk drives are mass storage devices 
which provide read/write non-volatile 
memory. Volatile memory includes RAM 
which disappears when the computer is 
switched off and ROM which cannot be 
written to. The only alternatives to disk 
drives are EPROMs which are erasable, 
programmable ROMs, CMOS-backed 
RAM where memory storage is supported 
by batteries when the computer is 
switched off, and cassette tape recorders. 

Cassettes are adequate especially if 
users ‘simply want to load games and 
shorter programs. If this is the case then 
the price of a disk drive cannot really be 
justified. However the computer does pick 
up interference fairly easily and data may 
just be distorted, as a micro is more distin- 
guishing than the ear. 

The advantages of disk drives over the 
common cassette recorder are evident. 
This is hardly surprising, as the former is a 
peripheral which is specifically designed 
for use with a computer whereas cassettes 
were never intended for this purpose. A 
drive both loads and stores information 
very quickly in comparison with cassettes 

| which are slow and require loading from 
the start of the tape. With a drive, a particu- 
lar piece of information is found virtually 
immediately as data can be accessed 
randomly on disk, whereas serial recording 
on tapes does not allow access at any par- 
ticular point. Therefore a tape has to be 
wound on until the required program is 
reached and this involves a lot of wasted 
time. 

The amount that can be stored on a 
single disk is considerably higher than that 
which can be recorded on a tape. Disks are 
much neater to store and can easily be sent 
through the post. If you have dual drives, 
disks can be copied with greater ease and 
should always be backed up, especially if 
the program is important. Even so, disks 
are not an ideal medium as too many dele- 
tions and insertions can cause bad sectors 
which prevent the acceptance of cata. 

Floppy disks are not as vulnerable as 


cassettes, but are still susceptible to ash, 
fingerprints etc. and must never be put 
near magnetic fields such as those 
emanating from _ telephones, —loud- 
speakers, electric typewriters etc. Such 
contact will damage the recorded matter. 
They do have a-protective casing but still 
must not be mishandled or subjected to 
extreme variations in temperature. And, 
although data stored is well protected, it is 
still better to re-record every couple of 
years or so. 

Disks, like cassettes, are hardware 


contain. In the case of a CP/M operating 
system for example, files may be ‘docu- 
ment’ or ‘non-document’ and each file is 
given a name. This should consist of two 
parts, as each name is given a qualifying 
extension to indicate to the operating 
system the exact nature of its material. 
Thus the system will know where to place it 
on the disk. These names are recorded in 
the file directory which is contained in a 
specific area of the disk, sometimes on the 
outside but more usually in the centre so 
that it can be rapidly and readily accessed. 


‘,.. the luxury which used only to be afforded the 
business user has now become viable for the home 
micro owner’ 


specific. Disk drives operate under instruc- 
tion from the host computer's operating 
system (OS), and for this reason most soft- 
ware on disk cannot be used on other 
machines unless they have an identical 
Os. 


LJ e 
Floppy disk drives 
The majority of home micros use floppy 
disk drives. Invented by IBM in 1973 the US 


companies were quick to develop these: 


and 8” drives became readily available. 
When it became apparent that these were 
not fast or compact enough, 544" drives 
came to the fore from companies like 
Shuggart. Nowadays, 8" drives are nor- 
mally associated with business machines 
and the 51%" drives are the most popular 
using their mini-floppies or diskettes. 

The floppy disk itself is plastic, coated 
with a magnetic surface; that is ferric oxide; 
and is protected by a cardboard case. 
Some disks also have an additional protec- 
tive “hub” around the centre (see Figure 1). 
All disks have a notch which can be 
“tabbed”, that is protected by a metallic 
tab, so that it cannot be written upon. This 
operation can prove very useful when 
copying or transferring files from disk to 
disk. 

Data is distinguished by putting it in 
‘files’ so that easy identification can be 
made. These ‘files’ consist of long strings 
of bytes and may be of differing types 
depending upon the information that they 
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Disk division 


Before they can be used disks have to be 
prepared for use so that data might be 
recorded. This operation of ‘formatting’ 
consists of the disk being magnetically 
divided and is a verification process which 
with some machines can be watched ona 


, 
, 


DRIVE 


VDU; as the various tracks are being 
acknowledged. 

These tracks are not like the grooves of a 
record, however, but are concentric circles 
all containing the same amount of data 


READ WRITE PROTECTION SLOT— 
REQUIRES ‘TAGGING’ WHEN COPYING, 
TRANSFERRING FILES 


ACCESS HOLE SLOT FOR READ/WRITE HEAD 


Figure 1. A soft sector disk complete with pro- 
tective cardboard cover. 


(see Figure 2). Disks might be 80, 45 or 40 
track. Of these, 80 track disks require 
greater precision of the head because the 
distance between the tracks is smaller and 
data is more condensed. 

These tracks are again subdivided into 
sectors. A typical track will have perhaps 
10 sectors each of which will contain 256 
bytes unless the disk is double density 
when 512 bytes per sector will be stored. 
These sectors determine the nature of a 


acide 


disk. A hard sectored disk features a series 
of holes punched towards the centre to 
indicate the beginning of a new sector. 
Most disk drives for home micros are, how- 
ever, soft-sectored and have only one hole 
which is used as a kind of reference for the 
computer and indicates the beginning of 
each track. 

Again these sectors are divided into 
parts. Each has a ‘header’ which contains 
information about the track and sector 
number. A useful feature is the CRC, a 


FILE DIRECTORY 


DISK-DISPLAYED. 
WITHOUT PROTECTIVE CASING 


Figure 2. The different parts that a disk is divided 
into. 


‘cyclic redundancy check’ which ensures 
that the file is readable and/or calcuable. 
Another phase is a sector gap which is 
necessary to prevent any overlapping or 
overwriting of data. 


* 

Operation 

In order to see exactly how a disk drive 
functions both in a mechanical and elec- 
tronic sense, we must look at both the 
hardware and software involved. The 
actual drive consists of a holder for the disk 
and a motor which drives the disk via a 
spindle at between 300-360 revolutions 
per minute. A stepper motor powers the 
mechanism which holds the elec- 
tromagnetic head (see Figure 3). This is 


governed by an electronic controller 
situated at the computer’s end. 

As this read/write head moves over the 
surface of the rotating disk it has to find the 
correct track. It picks up the electrical sig- 
nals sent from the computer via the disk 
controller. This controller translates data 
and sends it, via an amplifier, to the head 
which produces the fields of magnetism 
which are recorded on the disk when data 
is being written. When information already 
stored is being read, then the process is 
reversed and data is translated back into a 
form that the computer will understand. 

On a single-sided disk this head is kept 
in contact with the disk by a pressure pad 
on the opposing side of the medium. With 
a double-sided drive, a second head 
replaces this pad and therefore the capac- 
ity of a disk may be increased. 

Data is synchronised because along 
with every byte of data a timing pulse is 
sent so that it is kept in step. These are 
separated out by the controller. 
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FEATURE 


The computer requires a fixed signal 
from the head so that it has an idea when 
the beginning of each track occurs. This is 
where the small index hole of a soft-sec- 
tored disk comes in. A beam of light is 
shone down on the disk and as it rotates 
the hole lets lights through and a photo- 
sensor picks it up. This is therefore used as 
a reference point. 

When purchasing a disk drive, one must 
consider the nature of the operating 
system of the computer. This enables the 
interfacing of machines to peripherals and 
is a program written in machine-code. 
Most systems for home micros come in 
ROM form and are Disk Operating Systems 
(DOS).. Normally all DOS have Disk Filing 
Systems which interpret disk commands 
that are typed in and converted into signals 
so that the disks might be operated. The 


Developments 


Pace 
Pace 
Pace 
Pace 


Micto Resources 


Single 40 
Single 40/80 
Dual 40 
40/80 


ingle == 5 
Dol = 8 


40 
40 
40/80 


40/80 


40 
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Single 
Double 


Single 

Single 
Srl 

ingle 
Double 


Double 
Double 


100k 
400k 
200k 
800k 


100k 
100k 


100k 
200k 
400k 


- 800k 


100k 
400k. 


800k 


Name Company Type Tracks Sides Capacity Price 
TRKI Tech Op Dual 40/80 Single ~ £257.00 
TRK2 Tech Op Dual 40/80 Double = £349.00 
Slimline Twillstar Single 40 Single 100k £146.95 
Slimline Twillstar Dual 40/80 Single 200k £286.95 
Slimline Twillstar - Dual 40/80 Double 400k £486.00 
Slimline Twillstar Single 80 Double 400k £268.91 
Slimline Twillstar Deal 80 Double 400k £503.00 
ANS Single 40 Double... 200k £195.00 
AMS Double 40 Double 400K £347.00 
| FOSSA Viglen Single 40 Single 100k £134.79 
FDS55E Viglen Single 40/80 Single 200k £169.57 
FDS5B Viglen Dual 40 Double 400k £400.00 
POSSE Viglen Dual » 40/80 Double 800k £415.66 
Carson Single 40 Single 100k £140.00 
Developments 
Carson Double 40 Double 200k £170.00 
Developments 
Carson Double 80 Double 800k £400.00 


£149.00 
£256.00 
£294.00 
£417.00 


£130.00 | 


£216.00 


£169.00 
£305.00 
£469.00 
£499.00 


£139.00 


£215.00 


£499.00. 


£150.00 


only problem with interfaces like Acorn's 
0.90 which includes a DFS is that a fair 
amount of RAM is used by them. They are 
also quite an expensive essential which 
has to be bought alongside a disk drive. 


Costs involved 


Once you have decided to invest in a disk 
drive, you must carefully consider just how 
much it is going to be utilised and how 
important the data is that you wish to store. 
A single drive, which uses single density 
disks can be adequate for the user who 
does not require great volume or backing 
facilities. In which case, the peripheral 
works out as fairly expensive but prices are 
falling all the time, as companies like 
Carson Developments, Midwich and Opus 
Supplies all break the sub £150 barrier. If 
the drive has two heads then both sides of 
the disk can be used at only a small price 
increase; for example Microware's 
Mitsubishi mode! costs just over £200. An 
80 track drive becomes expensive and it is 
perhaps better to opt for the wider option 
of 40/80 track devices like, for example, 
some of Cumana’s disk drives which give 
greater scope although cost slightly more. 

More serious users might find that a 
cheaper dual drive is better purchased at 
the outset as the cost of upgrading at a 
later stage is quite high. The advantages of 
having a dual drive are manifold as the 
difficulties of copying and backing-up 
disappear. Some dual drives like AMS’ 3” 
version offer double density and greater 
flexibility but are quite expensive at around 
£350. If the machine operates on CP/M 
then facilities like PIP (peripheral interface 
program) can be very useful. Here a file can 
be transferred from one disk to another 


which can be very handy especially when | 


forms need to be “pipped” across. Not- 
withstanding this, a double density, dual 
disk drive offering 800K of memory can 
cost as much as £500 which is more than 
the price of most home micros. 


The future 


It is becoming apparent that people want 
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Figure 3. The mechanisms of the disk drive and head. 


to use their machines for far more than just 
games. As drives fall in price we could see 
the use of cassettes die out completely. It 
will only remain for the user to decide 
exactly what kind of drive he needs and 
can afford. As for the question of size, the 
indications are that 3” drives will become 
more popular. However, in many cases, 
although 3 or 314" drives are neater and 
more compact, the reliability and unimpor- 
tance of size will probably keep 51/4" disk 
drives the first choice of home users. 


As to the future of disk drives as 
peripherals, there has been quite a lot of 
talk recently about other forms of memory 
media. Bubble memory using tiny modules 
of magnetic substance, has already been 
incorporated in business machines with 
much success. This is extremely expen- 
sive and is a long way from the home user 
at the moment. Laser disks offer huge stor- 
age capacities and are exciting prospect, 
as they will not decay. Yet these are again 
hugely expensive. It will, therefore, be quite 


SOFTWARE FROM FLITE: 


FILE BASE 


CARTESIAN 


can graph the simplest of functions 


Or the most complicated. It then goes on to do an awful 
lot more. Like drawing the differential curve and finding 
the definite integral. Like extracting roots wherever 
they exist, even when the function has multiple roots 
Like solving complex equations. Like allowing for many 1. 
graphs to be overlaid one on the other. Like letting the 

user animate the scales and axes in order to reach any 

part of the curve, and to magnify segments. 


Naturally if CARTESIAN can handle the functions above, 
then it can also take care of quadratics, cubics, trig. 
functions, polynomials, circles and elipses. 


CARTESIAN is available for the BBC ‘B’, 
Acorn Electron, Apple ile and Apple 
Europlus. 


PRICE: 

Cassette: £24.90 

Disc: £27.75 : 
Cartesian is fun to use, which 
should go a long way towards 
ensuring that it is iy used, and it 
is both powerful and flexible 
enough to be of real benefit to 
any serious student of mathe- 
matics. 
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versatile. 


Very user friendly. 


40 or 80 track versions. A 40 
__ track disc will hold up to 400 
records depending on size. 
<——= 8. Sort, amend, recall, print - 
supports professional 
standard features 


FEATURE 


some time before disk drives cease to have 
a function for the home user and are thus a 
very viable prospect as a peripheral. | 


YOUR BBC OR ELECTRON DISC DRIVE NOW HAS A WORTHY 


CARD INDEX DATABASE AT AN EVEN WORTHIER PRICE. 
Use it in the home, club, office or school. It’s very 


Records are designed by the user. 
May be used with one disc drive. 
Allows selective label/envelope addressing or full 


record recall. 


Search using ANY field. 
Random access for fast operation. 


price: £15.90 = —— 


Disc only. Please specify whether 40 or 80 track. 


Findrum, Convoy, Co. Donegal 
Ireland. Telephone (074) 47227 
Mail Order (074) 22286 & (074) 22025 


ACCESS, Barclaycard(VISA) and official 
orders welcome. 
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Adam Denning has some ordered thoughts 
on the implementation of random access 
files on disk based BBC micro systems. 


Owners of BBC Micros with disc drives will 
know that they can implement random 
access files, but may wonder what they are 
and how to use them. 

Arandom access file is a file on disc that 
can be read from or written to at any 
desired place in the file. This sort of thing is 
very useful when you want to store inform- 
ation for later sorting or querying. 
Database systems are great users of ran- 
dom access files — or they should be! 

To create a random access file, we need 
to give the file aname. We'll use RANDOM 
throughout the rest of this article. As this 
file is new, initially we have to open it just 
for writing to only (because of a quirk of the 
BBC Micro). We can do this in Basic like 
this: 


S$%=OPENOUT(“RANDOM”) 


This does two things. It checks the disc 
to see if a file called RANDOM already 
exists. If it does, the old file is deleted 
(watch this!) and a new one of the same 

| length is created, otherwise a completely 
new file is opened with a nominal length of 
&4000 bytes (16K). 

Secondly, it produces a ‘handle’ for the 
open file and puts it into S%. The handle is 
the number the operating system uses to 

| identify the file. The actual number is not 

relevant; however, we must not forget it. 

| More particularly, if it is O then the file could 
not be opened for some reason. The disc 
might have been full or the write-protect 
tab might still be attached. 

Having opened RANDOM for writing we 

| are now in the position of being able to 

write to it, but as we are intending to treat it 
| as arandom access file, we’d better make 
it one now. To do this we have to go 
through the odd process of closing the file 


and then opening it again using OPENUP. 
So, our random access file creation pro- 
gram now becomes: 


10 S%=OPENOUT (“RANDOM”): 
CLOSE#S%: 
S%=OPENUP(“RANDOM") 


Notice how the handle was used in the 
CLOSE statement so that the operating 
system knew which file it had to close. 

Now we can use the Basic keywords 
BGET#, BPUT#, PTR# and EXT# to man- 
ipulate our file. But first some basic inform- 
ation. After opening our file for writing, it 
was given a length of &4000, but we closed 
it straightaway, without writing anything to 
it. The Beeb is pretty sensible here, so 
when we closed the file it changes its 
length to zero for us. When we opened it 
again with OPENUP, the file arguments 
were not changed — so it is still 0 bytes 
long. This can be found by typing PRINT 
EXT#S%. EXT# simply gives us the length 
of the file, and we cannot change it except 
by writing to the file. 


To read a byte from a file, we use 
BGET#, but as we haven't written anything 
to it all we'll get if we try it now is a report 
saying ‘End of file’. So let’s write some- 
thing. We'll put our name at the 100th posi- 
tion onwards. Add lines 20 and 30 to the 
program above 


20 INPUT“What is your name? "A$. 

30 PTR¥S%=99:FORA%=1 TO 
LENA$:BPUT#S%, 
ASC(MID$(A$,A%,1)): NEXTA 


To check that our name is really there, 
we can move the pointer back and use 
BGET# to read our name back: 


40 PTR#S%=99:REPEAT A%= 
BGET#S%:IF A%<12 OR A% 
VDUA% 

50 UNTILA%>12 ORA%<32 


This is all pretty basic stuff, so to really get 
things going we're going to do it all in 
machine code. Luckily the designers of the 
BBC Micro made things easy for us by giv- 
ing details of operating system routines to 
do all this. The important ones here are 
OSFIND (address &FFCE) and OSARGS 
(address &FFDA). OSFIND is used by 
OPENOUT, OPENIN, OPENUP and 
CLOSE and works like this; by setting the X 
and Y registers to point to a filename fol- 
lowed by a carriage return (ASCII 13) 
stored in memory, and A contains one of 


“,..arandom access file is a file on disc that can be 
read from or written to at any place in the file. . .” 


If we now type PRINT PTR#S%, the 
answer will again by 0. PTR# is the place in 
the file where the next byte will be written to 
or read from, and we can ask the computer 
what its value is (as we just did) or we can 
tell it where to put it. PTR# starts from 0, so 
the 100th byte in the file is pointed to when 
PTR# equals 99. 
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three values. If A=&40 the file is opened for 
read only (OPENIN). If A=&80 it is opened 
for write only (OPENOUT) and if it holds 
&CO the specified file is opened for random 
access (OPENUP). In all cases the file 
handle is returned in A and X and Y are left 
unchanged. But we said that CLOSE uses 
OSFIND too. This is a special case, and is 
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used by putting the file handle in Y and zero 
in A. If Y contains zero then ALL open files 
will be closed. 

OSARGS is rather more complicated, 
and is used by both PTR# and EXT#. This 
routine requires the file handle to be in Y, 
and X must point to four bytes in zero page. 
A contains various numbers depending on 
the service required. If A contains 0, the 


Next month — 
advanced random files, 
forsaking BASIC 


value of the current pointer is returned, 
while if it holds 1 a new value is given to the 
current pointer. These are directly equiva- 
lent to IX=PTR#Y and PTR#Y=|X. If 
OSARGS is entered with 2 in A, the length 
of the file (EXT #) is returned. All the values 
sent or returned are held in the four bytes 
pointed to by X, and four bytes are needed 
because disc files are not limited to 64K. 

To complete the picture, we need 
operating system routines OSBPUT (ad 
dress &FFD4) and OSBGET (address 
&FFD7), which are used by BPUT# and 
BGET# respectively. OSBGET is entered 
with the handle in Y and the value read is 
returned in A. ASBPUT also has the handle 
in Y, and the byte to be written is held in A. 
Now we can write our machine code ver- 
sion of our little Basic program. 

When all has been done, RANDOM will 
still be open, so we'll have to close it before 
we can do anything else by typing 


S%=?handle 
.CLOSE#S% 


Next month we'll get onto more 
advanced aspects of random access files, 
completely forsaking Basic. 
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What price 


a new standard? 


A range of MSX hardware ~ clockwise from top 4 Miimaa™ 
left: Hitachi, Teleton, Sanyo, Mitsubishi, Sony, 
Toshiba and, Centre, Cannon. 


The aims of MSX are laudable — to con- 

| ceive a standard specification for both the 
hardware and software of microcomputer 
systems but just how MSX machines will 
fair in the UK market is quite another ques- 
tion. Britain has in the past been domi- 
nated by machines that have exhibited a 
high degree of technical innovation. Most 
notable in this category are the string of 
machines marketed by Sinclair; the ZX80, 
81 and Spectrum. The Commodore 64 was 
also, at the time of its launch, an exciting 
machine, being one of the first home 
micros to use paging techniques to pro- 
vide the user with 64K of RAM. The MSX 
standard, by virtue of its tight definitions of 
the component parts of asystem and of the 
architecture of an MSX compatible 

| machine will mitigate against these com- 
puters showing the same sort of design 
flair. 


product from firms with an unproven 
pedigree. 

Another point which is very much in the 
favour of MSX micros is the fact that there 
will be a high degree of software port- 
ability. For the first time users will be able to 
share both commercial and home pro- 
duced software. 


Clone Rangers 


As the heading above suggests, the fact 
that all MAX micros will adhere to a 
minimum specification, will mean that at 
entry point the price of many of the 
machines are likely to be very similar, if not 
in terms of appearance, certainly in respect 
of their performance. 

The companies at present supporting 
British MSX hardware include Canon, 


Gary Evans considers the likely impact of 
MSX standard computers on the UK market. 


| — It’s true to say that the most notable non- 
| MSX computer launches in recent months 
have adopted the safe and sure approach 
of MSX designs and indeed both the 
Amstrad CPC464 and Tatung Einstein (the 
machines in question) have a specification 
that owes a lot to the outline MSX configur- 
ation. In view of the teething problems that 
are often associated with machines that 
break new ground in terms of their design, 
the QL being an obvious example, the safe 
and sure approach has a lot to recommend 
it. Indeed, first time buyers will probably 
| prefer a machine produced by a company 
with a reputation for producing reliable 
products rather than taking a chance with a 


Hitachi, JVC, Mitsubishi, Sanyo, Sony, 
Teleton and Toshiba; a list of names that at 
present between them dominate the UK 
consumer electronics industry. All of these 
companies were represented at a recent 
conference to mark the start of their 
various MSX marketing operations in the 
UK. The first of the above to make firm 
commitments as to delivery of their first 
machines were Mitsubishi and Hitachi. The 
Hitachi MB-H80 is a sub £200 machine 
that adds a feature to the basic specifica- 
tion. A total of 80K bytes RAM is built into 
the machine, 16K for the video memory, as 
per the basic spec. and 64K user RAM 
which is a distinct improvement on the 8K 
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minimum quoted in the MSX minimum 
configuration. Two joystick inputs are pro- 
vided along with an 8 bit parallel printer 
port. The processor can be clocked at any 
one of three switch selectable speeds, the 
standard calling for the 3.58MHz option. 
The Hitachi also makes provision for two 
cartridge slots, these being the main 
expansion route for MSX machines. 

The Mitsubishi machine, designated 
the ML-F110, is a development of the 
Company’s ML-8000 which has been | 
on sale in Japan since early '83. Exact 
details of the UK version have not yet been 
announced but the major features are 32K 
RAM and, in common with the Hitachi 
machine, dual cartridge slots. 


Eastern promise 


All the members of the MSX group are hop- 
ing to have stocks of their machines in the 
shops by the autumn and so be prepared 
to stake a claim to the Christmas buying 
spree. It is likely that MSX computers will 
make their first appearance in the hi-fi and 
electrical dealers that are associated with 
the various existing product lines of the 
members of the MSX group. 

it will be interesting to observe the mar- 
keting operations mounted to support 
MSX computers. As we have suggested, 
there will be little to choose between the 
various designs aimed at the sub £200 area 
of the market and it is likely that the com- 
puters will be considered largely in terms of 
price. 

The market is going to be very crowded 
toward the end of this year and there are | 
likely to be a number of bargains around as 
those manufacturers with existing designs | 
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" MSX AT A GLANCE 


MINIMUM SPECIFICATION 
Central Processing Unit 

Zilog Z80A or equivalent, running at a 
clock rate of 3.579545MHz. 


Memory 


MSX system software. 


MSxX. 
Expansion Slot 


Video Display Processor 


Display Modes 

256 x 192 High resolution graphics. 
40 x 24 Text display. 

16 Colours available. 
Programmable Sound Generator 
General Instruments’ AY-3-8910 or 
equivalent. 


noise (sound effect) channel is also 


using one of 10 envelope waveforms. 


Cassette Interface 

FSK modulation. Transfer rates may be 
see | 1200 or 2400 baud. 

assess their position and the entry of Joysticks 

systems such as the Amstrad CPC464 One specified for the minimum 

begin to have an effect. specification. 


ey SMG 


Teletext 
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BEEBPEN DRAWING PROGRAM TELETEXT DISPLAY CREATOR/EDITOR 


A comprehensive Mode 2 colour drawing program Allows the busy programmer to quickly create Mode 7 
allowing plot commands, painting, circles, text, colour graphics and test screens for combination into 
character defining, saving and loading to tape or disc, his or her own programs. Movable on screen menu 
all to be selected and used with the lightpen. allows use of complete screen for grep Full 
i PRICE £11.95 Introductory Offer £9.95 Instructions and a discussion on teletext features are 


@ Responds to different colours 


@ Program accessible LED bec ; 
laMPrec cent Lightpen also available for VIC 20, CBM64 and 
@ Switch for program control Dragon 32 Computers 


ROM — 32Kbytes comprising Microsoft’s 
RAM —A minimum of 8Kbytes is expected. : 
Both RAM and ROM are extendable under 


Software cartridge, expansion BUS, slots. 


Texas Instruments’ 9918A or equivalent. 


There are 3 voices available for polyphonic 
sound, each with an 8 octave range. A 4th 


available. Each channel may be modulated 


provided. PRICE £9.95 Introductory Offer £7.95 


SUPERIOR PROGRAMS 
@ Tape storage of your work 
@ Good documentation 
@ Userroutines provided 


SUPERIOR ontape and 
PERFORMANCE on printout 
@ Insensitive to ambient 

lighting 


The Toshiba HX10. 


STANDARDISED OPTIONAL 
EXTENSIONS TO MSX 


Screen Display 

80 column text screen. 
System Clock 

Battery backed-up CMOS. 
Communications 

RS-232. 

Floppy Disk 

According to each company. The disk 
format is MS-DOS compatible. 
Printer 

8-bit parallel. 


NEXT MONTH 


Is it a better BASIC? An in-depth review of 
the MSX standard. 


BRITAIN ; 
The first in a series of educational Geography and 
Geology programs. Britain comes complete with three 
sets of fests, and these may be very easily changed by 
adding DATA statements in the Basic program, Full 
instructions and Ey map supplied, 

PRICE £6.95 Introductory Offer £5.95 


The Datapen Lightpen itself comes complete 
with handbook, software on tape including two 
drawing programs and a_ printed listing 
showing useful routines. 


PRICE £25.00 


Two drawing programs, SKETCH and SHAPE- 
CREATE are included with the lightpen and the 
programs shown above may be ordered 
additionally, or separately as required. 

All prices above include VAT, postage and 
packing. 

Please send your cheque’P.©, to:- 


Dept. 9, Datapen Microtechnology Ltd., 
Kingsclere Road, Overton, 
Hants. RG25 3JB eEcmar 


SOFTWARE 
REVIEWS 


Caretaker 
BBC/ROM/£35.00 
Computer Concepts Ltd. 


Caretaker is an EPROM for the BBC Micro 
offering toolkit services to the Basic pro- 
grammer. Similar ROMs are so widely 
available that a newcomer to the market 
has to be very special to be noticed. This 
one is no more than run of the mill. 

Certainly it has some nice functions, like 
the Electron-style single-key entry of a 
number of Basic keywords and the ability 
to load programs into other programs (a 
sort of advanced merge) and save particu- 
lar sections. But the rest of the ROM is just 
what can be expected — no surprises. 

The functions offered are *CURSOR, 
which turns the cursor on and off, 
“EXCHANGE which is a global or selective 
search and replace and “EXPAND which is 
perhaps more useful than most. It makes 
listings rather more readable by improving 
onthe BBC’s LISTO7 and really spacing the 
lines out, Multi-statement lines are spread 
one statement per screen line, and spaces 
are added where necessary. 

*INSERT is that clever merge mentioned 
earlier. You specify a filename and a line 
number and it does the rest. “KEYLOAD 


and *KEYSAVE verge on the fatuous~— they 


simply load and save the function key buf- 
fer. “LOAD and *SAVE are perfectly 
adequate so there is really no need for 
these commands. 

“LVAR prints the values of any pre- 
defined group of Basic variables. This 
command is possibly a little more com- 
prehensive than it needs to be, but it is nice 
nonetheless. “MERGE joins a program on 
file (disc or tape) to a program already in 
memory. “MOVE moves a program to a 
new specified value of PAGE. 

“NOTAB sets the TAB key to act as 
normal, while “TABSTOPS causes it to 
tabulate the cursor by defined amounts. 
*“PARTSAVE allows you to specify which 
part of a program you want to save, and 
*RENUMBER is a very enhanced version of 
the BBC's facility, allowing blocks to be 
renumbered and moved whilst leaving the 
rest of the program as it is. “RETRIEVE is 
another of those routines to help you get 
over the annoying ‘Bad program’ error and 
works as well as any other. “SQUASH 
selectively removes spaces and REMS ina 
program, as well as joining lines together if 
you so choose. Finally “STATUS prints the 
values of the relevant Basic system vari- 
ables and the amount of memory free. 

CARETAKER is essentially worth the 
| money if that’s what you want, but if offers 
nothing radically new or stunningly useful, 
joining the host of other ROMs in the 
reviewers’ dust-gathering ROM board. 


SOF I WARE 
___ FILE 


A BUYER'S GUIDE TO UTILITY SOFTWARE 


This month software file looks at packages which assist the 
artistic side of computing: graphics packages, sound 
generators, printer and screen dumps, and character 
generators — games writers look no further! 

In August we'll have the lowdown on the many 
programming languages available for home micros. 
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ELETEXT GENERA 
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=| MODE 2 DRAWING SYSTEM (REQUIRES JOYSTICK) 
| JOYSTICK COMPATIBLE PAINTING SYSTEM 
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Gremlin 
BBC/ROM/£35.00 
Computer Concepts Ltd. 


Computer Concepts seem to be doing 
strange things these days. Once they were 
pioneers in BBC sideways ROMs, now 
they’re following the crowd. Or so it seems 
when you take a look at Gremlin and the 
elsewhere-reviewed Caretaker EPROMs. 
Gremlin is yet another machine code | 

monitor and has been on Computer Con- 
cepts’ lists for a long time, although only 
hitting the streets comparitively recently. It 
is probably one of the least useful of all the 


; Jeamouunysureotoaweswarers | | Monitor ROMs one can buy. Although it 
[MevDAeNcPACSTOOKT = offers the standard monitor facilities of 
aE S BORDER DREN CO MIIAN: memory move, memory amendment, 
; RE ANDLOGOUTL register examine and adjust, even down as 
ELEVEN GRAPHICS AND TEXT PROCEDURES far as the immensely useful single step 
function, it makes these simple things so 
awkward to use that one gets the feeling 
the author has never used a reasonable 

monitor before. 

Its command structure ostensibly bor- 
rows a lot from that systems programmers’ 
favourite language — C — but don’t believe 

COMMANDS FORHI-RESON everything you read in manufacturer’s 
PROCEDURES TO CONTROLZ manuals. C was never this bad. Each regis- 
“ <TSHRESCNE ter and ‘system variable’ is actually 
COMPOSED assigned its own variable within Gremlin 
which totally precludes the STANDARD 
and widely accepted practice of altering 
registers and memory. Breaking new 


_ ground it may be, but this ground should 
meee Suromsewceorersovencss | | be left covered up! 
hes Then there's the ridiculous system of 


switches to turn various functions on and 
off, like single step. Why on earth would 
you want to be able to turn THAT off? 
These switches extend to such meaning- 
less things as formats and the possible 
ways of entering hex numbers. The manual 
tells us that this is so that Gremlin’s disas- 
semblies can be sent to file (which IS use- 
ful) and then *EXECd from Basic, but 
machine code on a 6502 is unfriendly 
enough without the added futility of a pro- 
grammer’s whim. 
The only thing one can say about Grem- 
lin in conclusion is that it may be cheap, but 
=e] ELE 3S it's ghastly. Come on Computer Concepts, 
there's still time before we forget master- 
7x STO pieces like the graphics ROM, Printmaster 
Ef GRAPHICS and Wordwise. Plug yourselves in. AD 
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SUPPLIERS SUPPLIERS SUPPLIERS 


0223316039 021 6436728 070320169 
0532 667440 0625 876642 0223311 290 
0706524304 0273771942 
01 631 1636 0628 23432 i 
02403 6231 044 2822930 0594 43352 
01 437 0626 v 0209831 274 incla 0276685311 
0401 43553 i 014744430 0486267847 

061 835 1358 0532 683 188 012401422 
0734586334 0279723518 0424 223 636 0519335611 
0705735242 0632 480987 01861 1166 
0742 862246 634450720 073784 2072 022062261 
0727 54280 0532438301 
061 427 6107 068935101 
051 7097071 0296 688995. Peak 0684562467 
075379292 01 900 0999 i 01 7489009 
0606 48511 090365691 013675720 
01 8620681 0491 572512 i 016597131 

07357 4335 Procom 01508 1216 
015332918 
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ELECTRONICS 
for ZX SPECTRUM 


* Full size, full travel keyboard that 
simply plugs into expansion port on 
your Spectrum. * Offers single key 
selection of all major multi-key 
functions. * Extends port for other 
peripherals, * Can accept Atari-type 
joysticks (optional extra — order 2 of 
FG66W, £1.36 each and note that 
case will require cutting). 

Three kits needed to build unit: 
Order LK29G, LK30H & XG350. 
Total price £39.95. Full construction 
details in Project Book 9 XAOSK 70p. 
Also available ready-built. Order As 
XG36P. Price £44.95. 


KEYBOARD with 
ELECTRONICS for ZX81 


* Full size, full travel keyboard that's 
easy to add to your ZX81. * No sold- 
ering in 2X81; simple instructions 
make it easy to fit. * Makes Shift 
Lock, Function & Graphics 2 single 
key selections. 

Complete kit (excl. case) LW72P 
Price £23.95. Case XG17T £4.95. Full 
construction details in Project Book 
3 XA03D. Price 70p. Ready-built in 
case XG22Y. Price £32.50. 


ACCITT standard modem that conn- 
ects directly to your telephone line 
via a BT approved transformer. 
Transmits and receives simultan- 
eously on European standard fre- 
quencies at 300 baud, May be used 
to talk to any other 300 baud Euro- 
pean standard modem including the 
Maplin Computer Shopping modem 
on 0702 552941 and any British 
Telecom Datel 200/300 Service mod- 
em. The modem's computer inter- 
face is RS232 compatible. 

Complete kit (excl. case) LW99H. 
Price £44.95. Case YK62S £9.95. Full 
construction details in Project Book 
5 XAOSF Price 70p. 


NIAPLIN 


ELECTRONIC SUPPLIES LTO 


INTERFACES for MODEM | 


Interfaces are now available forthe | 
following machines: Commodore 
64, Dragon 32, Oric, Spectrum, 
VIC20 and ZX81. Each is complete 
with a Machine Code Communicat- 
ions program. The BBC micro needs 
no interface and a suitable program 
is on Maplin catalogue page 15 or 
Project Book 8, page 59. 

Computer Order Details Price 
64/VIC20 LK1I1IMBook7 £9.45 
Dragon 32 LK12N Book8 £14.95 
Oric 1 LK40T Book 10 £13.95 
Spectrum LK21X Book8 £19.95 
ZX81 LKO8J Book? £29.95 
Project Book 7 XAO7H. Price 70p. 
Project Book 8 XA08J. Price 70p. 
Project Book 10. XA10L. Price 70p. 


ZX81 1/0 PORT 


* Provides two bi-directional ports 
for 16 input or output lines. * One 
buffered output which can interface 
directly to CMOS. * On board 
address selection permits expansion 
to six ports with two boards. 
Complete kit LW76H. Price £10.49. 
Full construction details in Project 
Book 4 XA04E. Price 70p. 


MAPLIN CATALOGUE 


Full details of all Maplin’s projects 
and electronic components in our 
huge 480 page catalogue. On sale 
now in all branches of W.H. Smith 
price £1.35, Or send £1.65 (incl. p&p) 
to our mail order address. 


OTHER PROJECTS 


related projects please see the 
relevant project book as below: 
BBC Motherboard — Book 11. 
2X81 Sound on TV — Book 6. 
2X81 Extendi-RAM — Book 9. 
VIC20 Extendiboard — Book 9. 
Dragon 32 Extendiport — Book 10. .# 
TTL/RS232 Interface — Book 9. 
Project Book 6 XA06G. Price 70p. 
Project Book 9 XAO9K. Price 70p. —. 
Project Book 10 XA10L. Price 70p. 
Project Book 11 XA11M. Price 70p. 


‘= 


MAPLIN TALK-BACK 
SPEECH SYNTHESISERS 


* Unlimited vocabulary with allo- 
phone (extended phoneme) system. 
* Can be used with unexpanded 
Oric 1, VIC20 or ZX81 as it does not 
require large areas of memory. 

* Speech may be easily added to 
programs. *In VIC20 version speech 
Output is direct to TV speaker with 
no additional amplification needed. 


Computer Order Details Price 

Oric 1 LK28F Book9 £23.95 
vic20 LKOOA Book6 £22.95 
2X81 LKO1B Book6 £19.95 


Project Book 6 XA06G. Price 70p. 
Project Book 9 XAO9K. Price 70p. 


DRAGON 32 I/O PORT 


* Provides two TTL & 3-state bus 
compatible 8-bit ports, * Four norm/ 
inv. latched ports, * Two relay 
switched ports * And two opto 
switched ports. * Module plugs 
directly into cartridge socket and is 
fully programmable from BASIC. 
Complete kit LK18U. Price £14.95. 
Full construction details in Project 
Book 8 XAO08J. Price 70p. 


SPECTRUM EASYLOAD 


* Greatly reduces cassette LOADing 
& SAVEing problems on Spectrum. 
* Battery powered, no bus connect- 
ions. * Charging from Spectrum 
PSU. * SAVE & LOAD indicators. 
Complete kit (excl case) LK39N. 
Price £9.95. Full construction details 
in Project Book 10 XA10L. Price 70p. 


* Full 256 x 192 fine pixel display 
with normal or inverted video. 

* Draws lines, circles and triangles, 
fills and textures, * Up to 32 user 
defined graphics. * Operates direct- 
ly from extended BASIC. 

Complete kit LK23A. Price £27.50. 
Full construction details in Project 
Book 9 XAO9K. Price 70p. 


ZX81 SOUNDS 
GENERATOR 


* Turns your 2X81 into a mini- 
synthesiser, * 3 programmable tone 
generators. * 3 programmable att- 
enuators, * Noise generator with 3 
pitch levels for special effect sounds. 
* Single address access with PEEK 
& POKE. * Connects directly to 
extension board or expansion port 
socket with extra socket (order 
RK350 £2.20) * Requires separate 
amp and speaker. 

Complete kit LW96E. Price £13.49. 
Full construction details in Project 
Book 5 XAOS5F. Price 70p. 


ZX81 EXTENSION BOARD 
*Plugs directly into ZX81 expansion 
port, * Accepts a 16K RAM pack and 
three other plug-in modules simul- 
taneously. Parts are sold separately 
as follows: 

PCB GBO8J. Price £2.40. Edge Conn- 
ectors (4 needed) RK350Q. Price £2.20 
each. Track pins (1 pack needed) 
FL82D. Price 85p per pack of 50. 


Maplin Electronic Supplies Ltd. Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Tel: Southend (0702) 552911. ¢ Shops at: 159-161 King Street, Hammersm 
® 8 Oxford Road, Manchester. Tel: 061-236-0281. e Lynton Square, Perry Bar, 


ondon W6. Tel: 01-748- 0926. 
ingham, Tel: 021-356-7292, 


© 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. ¢ 46-48 Bevois Valley Road, Southampton. 
Tel:0703 25831. All shops closed all day Monday. 
All prices include VAT and carriage. Please add 50p handling charge to orders under £5 total (except catalogue). 
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NEW SERIES- CONSTRUCTING LEGO ROBOTS 


THE ROBOT CONGRESS- 
areport from albuquerque 


VOLUME 1 


EDITORIAL 


While talk about the theory of robots is a worthwhile pursuit, it’s not 


ISSUE 6 


until more peaple begin building systems and turning their minds to 
the uses to which they can be put, that the art of robotics will begin 
to progress. To this end, we begin a series of articles that will show 
you how, for very little outlay, robots of surprising sophistication can 


be built, 


The method of construction chosen means that our DIY robots 
can easily be modified to suit individual needs and applications, We 
hope that a great many of you will be tempted to tackle construction 
of the devices and look forward to hearing of your expioits in the 


future. 


THE US SCENE 


Elsewhere in this issue of Your Robot Peter Matthews reports on his 
visit to a recent Robotics exhibition held in the US. We'll leave Peter 
to give the full story but one aspect of the report is very interesting. 
This is the fact that at present the American hobby and low cost 
robot scene is at about the same stage of development as our own 
involvement in this field. Indeed some would say that we are ahead 


of the Americans in robotics. 


It's to be hoped that we can maintain this lead as all aspects of 
robotics are likely to pay an increasingly important role in our lives 
and it would be nice to think that once ahead, we in the UK can stay 


ahead. 
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THE VALIANT 
TURTLE 


The new rermnote-controlled Valiant 
turtie is an extremely attractive 
teaching tool which may be 
interfaced with virtually any micro. 
Aimed specifically at the education 
market, the robot is provided as 
part of a package which comes 
ready to run upon purchase. 

The turtle is certainly rather 
futuristic to look at and, with its 
perspex shell, should prove to be 
very popular with primary school 
children. The see-through shell 
allows the user to watch the motors 
actually working as the turtle moves 
around. It will be moulded when the 
modelis in full production but at the 
moment looks a little angular and 
awkward at prototype stage. It 
remains to be seen just how the 
design will stand up to classroom 
enthusiasm. 

The infra-red control will allow 
operation of the turtle at distances 
of up to six metres and does not 
enjoy working atranges of less than 
6 feet. The advantages of remote 
control are obvious and the 
increased range of movement will 
allow this turtle to be rather more 
mobile than ‘plugged in’ varieties. 


program which enables itto movein 
stages as tiny as 1mm and turn 
through angles of 1° at a time. tt 
holds a Berol pen of any thickness 
which can be changed without 
opening up the inside of the turtle. 
This should prove advantageous as 
different colours and line 
thicknesses may be produced 
without much trouble. Powered by 
a rechargeable battery, the turtle 
will draw continuously for at least 
two hours and when it does need 
cing oitas the glow in its eyes will 
fade. 
The whole Valiant package 
consists of an interface disk for the 
relevant computer, an infra-red 
control and connector, a plug 
adaptor and a manual. Added to 
this, a magazine is provided with 
suggestions for use of the turtle and 
by way of assistance for those 
unfamiliar with micros, Aptly 
named, PENUP seems to be a nice 
addition to the package as a whole, 
The full production models of the 
Valiant will be available from dune 
onwards. The retail price is £199.99 
plus VAT but it will be available for 
educational establishments at 
£150. Prototype models are already 
being used in some schools andina 
future issue of Your Robot we will 
be reporting upon how the Valiant — 


The Valiantis operated by a Logo stands up to a school environment. 


Don't forget to mention 
YOUR ROBOT 
when replying to 
advertisements. 
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THE U.S. DIRECTION 


Peter Matthews has been examining the state of the art in U.S. robotics. This is 
his first report, from the International Personal Robot Congress, Albuquerque, 


The International Personal Robot Con- 
gress at Albuquerque in New Mexico was 
a show piece for the American small robot 
scene. The only notable absence was Mic- 
robot, the first and probably best arm type 
robot which first appeared a few years ago. 
The Congress was then reviewing the 

| achievements of about two years of work 
and development for the American 
designer and manufacturer of small robots. 
Inevitably, the comparison has to be made 
with British achievement, and to my sur- 
prise, the USA and its technology offered 
no more than our own. In fact, it turned out 
that the people who run the industry and 
what they had to say about the future, were 
more interesting than the exhibits. 

The visitors to the show were probably 
more computer literate than they would 
have been in some other parts of middle 
America. It is fairly certain, however, that 
there would have been more ‘buzz’ to the 
show if it had been held in Los Angeles or 
New York. Nevertheless, the number of 
visitors was reasonable and their techni- 
cally critical knowledge gave challenge to 
the displays and their robots. Although the 
exhibition hall was medium-sized by 
American standards, the people who 
served in various capacities in the com- 
panies in the micro robotics industry 
proved to be very interesting. 

The show was in two parts, the profes- 
sional and the amateur section with the 
former being the best part. A two day con- 
gress with a battery of speakers from the 
USA. and Europe was a large part of the 
show. They talked on all subjects including 
hardware, software, business oppor- 
tunities, venture capital, applications and 
robots in the future. The talks were all pro- 
fessionally recorded and we now have 


New Mexico. 


almost thirty cassettes on matters fobotic. 
Much of this will appear in articles, or at 
least commentary in the magazine over the 
next few months. 

The British contingent were quite well 
represented. Robin Bradbeer and David 
Buckley, both journalists and designers, 
were evident as well as our own David 
Moyel and of course the ubiquitous Doctor 
Billingsley. The Cybermate robot was there 
and this gave John Billingsley the oppor- 
tunity to show the American operators how 
British roboticists sort out the bugs in an 
operating system. 


LECTURES 


One of the chief speakers who opened the 
conference was Isaac Asamov the famous 
science fiction writer. Such books as ‘I 
Robot’ with the now well known laws of the 
robot have changed some public attitudes 
to robots. This made him a natural opening 
speaker for the conference. The great man 
did not appear in person but by a tele- 
graphic link which projected him live onto a 
large screen. He was able to hear and 
answer questions and even had a slightly 
querulous exchange with a ‘crossed line’ 
to the amusement of the audience. During 
his talk we learned the reason for his not 
coming to the congress. Apparently he has 
no faith in transport which have a high 
technology content and will not trust him- 
self to them (since when have trains been 
hi-tech?). You could almost hear the 
audience thinking “If he, as a leading 
technologist, does not trust trains and 
planes what does he know that we do not 
and should we cancel our flights home!” 
Joe Engleburger was also a star 
speaker. As pioneer of the industrial robot 
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he has taken a growing interest in the smal- 
ler variety over the last couple of years. His 
support and interest for many small com- 
panies in micro robotics has been some- 
thing that many of us remember with 
pleasure. Then followed the sessions of 
talks, discussions and workshops with 
speakers from all levels of interest in micro- 
robots. Doug Bonham, Chief Executive of 
Heathkit who produce Hero, Skip Stevely 
of Androbot and many others described 
their experiences in the robot marketplace 
during the !ast few years. Representatives 
of other companies such as Gillette, 
Exxon, Westinghouse, Xerox and many 
others questioned the speakers closely 
about the present and future estimates of 
the market for small robots. Not all of them 
will be entering onto the market but most of 
the big companies are observing its size 
and promise pretty closely. 

An essential part of any jamboree of this 
kind is a contest and prizegiving. The 
obvious one was, of course, a competition 
for the best design of a robot and this 
attracted about a dozen entrants. They 
ranged from a robot lawnmower to a robot 
balloon. The whole thing was a great deal 
of fun and the prizewinners were given a 
range of prizes on the concluding day. , 

The Congress was enormous fun 
although it didn’t really have the size and 
scope of an international event. It tended to 


raise more questions about small robots | 


than it gave answers but then that is always 
the case with a young and growing 


technology. There were some answers | 


however, and many of them interesting. 
We will tell you about some of these and 
the products, markets, applications and 
personalities at the show over the new few 
issues of Your Robot. 
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MOTORS EXPLAINED 


D. S. King continues his assessment of the different types of motors which can 
be used for control applications. 
Since a stepper rotates in fixed incremen- | [Rip wigatErargoys pore 
tal steps, that is in direct response to elec- . 
trical pulses, it is directly compatible with 
digital inputs from a computer. Figure 1 
shows the simple arrangement for motor 
inputs, and we shall later look closer at the 
way pulses are tailored so as to be accept- 
able to the stepper. 
There are two basic ways of connecting 

a supply to a 4-phase stepper. In mode-1, 
a direct connection is made to the supply. 
But there is an advantage in including 
series resistors, as shown in mode-2, for it 
allows higher voltages to be used and thus 
gives faster stepping rates. 


Sarna ipa 
aes 


Figure 1(a) shows a typical stepper motor con- 
trol and drive configuration, 


TABLE 1. PM motor characteristics (stepper and D.C. motors) 


Ae ~ 


a 


Figure 1(b) depicts a 4-phase stepper with series 
resistors which allow for faster stepping rates. 


Although stepper motor designs vary, it 
is the permanent-magnet (PM) type, 
Figure 2, that has most interest for com- 
puter controlled equipment because of its 
particular set of characteristics and rela- 
tively low cost. Table 1 sets out their 
characteristics and compares them 
against those of the dc motor. 

When the pulse train from a stepper is of 
the order of 200 steps/s, and if the motor’s 
load and inertia permit, it is possible to 
rotate the motor in either direction, as well 
as stopping, starting and reversing in 
instantaneously. Consequently, the step- 
per is ideal for positioning, providing step- 
ping movements are acceptable to the 
application. 

Steppers can drive floppy discs and are 
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also becoming important for robotic appli- 
cations. The interface between the data 
bus and the stepper is relatively simple and 
inexpensive and these motors provide 
extremely accurate positioning, much 
more so than can be achieved when using 
adc motor with an encoder. Errors are only 
afew per cent of astep therefore, witha 1.8 
degree motor, the error is only minutes per 
step. Furthermore, errors do not accumu- 
late. 

But not all applications suit the charac- 
teristics of a stepper, and especially when 
an application requires power only. As a 
general rule, high-power and high-torque 
are not for steppers. However an overall 
stepper system is simpler and less costly 
than that of the corresponding servo 
system plus amplifier, and a stepper is 
usually more stable and rigid at rest. How- 
ever, they are unable to accelerate as 
quickly as a dc motor and have reduced 
limits on torque and speed. 


DC MOTOR OPTIONS 


For low power, computer associated 
equipment the low contact resistance 
between commutator and brushes of a 
conventional iron-core rotor is attractive 
because of its good start up characteris- 
tics. Power consumption is low and, there- 
fore, this type of motor suits battery 
operated products. 

An iron-less motor has low rotor inertia, 
and flow inductance. Furthermore, it 
doesn’t cog. In some designs the com- 
mutator, which has a disc and noble metal 
brush arrangement, is equipped with zener 
diodes or capacitors to increase the 
motor's performance capability and to give 


Figure 3 (above and below) shows typical performance curves of a brushless de motor. 


TYPICAL SPECIFICATIONS {25 °C)— 
———— 


NO LOAD SPEED 4000 RPM 

PEAK TORQUE 636 mNm (8 OZ, IN) 
60 WATTS 
3 


4 
55 mNm/A (7.8 OZ, IN/A} 
VOLTAGE CONSTANT 0.055 VOLTS/RAD/SEC 
(5.8 VOLTS/1000 RPM) 
APPLIED VOLTAGE 24V DC 
INDUCTANCE LINE TO LINE 1.4 mH 
{ @ 1000Hz } 
COIL RESISTANCE LINE TO LINE 1.3 OHMS 
THERMAL RESISTANCE* 12° C/WATT 
INERTIA 0,42 GM? (0.06 02, IN/SEC’) 
WEIGHT 0.55KG {1.2 LBS) 


* STATIC: STATOR ROTOR KIT, NO HEAT SINK 


“Controllers are able to provide more precise- 


positioning information than most steppers are able to 


deliver”. 


it extended life. These components pro- 
vide protection against voltage spikes and 
excess current overloads. 

Brushless motors, which employ 
semiconductor devices (Hall generators) 
instead of a conventional commutator with 
brushes, have their rare earth magnets 
mounted on the motor shaft. The motor 
armature is on the stator, which is opposite 
to anormal PM moior. This overall arrange- 
ment brings the advantages of a lighter 
rotor with less inertia, all heat being dissi- 
pated in the stator from where it is easily 
removed. Moreover, the design takes 
away any problems of mechanical wear 
and energy dissipation at the commutator, 
and thermal stresses on the bearings are 
reduced. 

The performance characteristics of 
brushless motors, Figure 3, are similar to 
those of the PM motor: motor speed is 
proportional to supply voltage and speed 
deviates linearly with torque. Changes in 


either the supply voltage or current will vary | 
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the speed of the motor and its torque capa- 
bility. The starting torque may be as much 
as four times the rated continuous torque. 


EXTRA TORQUE THROUGH 
GEARS 


The transmitted torque of a motor may be 
increased by driving through reduction 
gearing. Torque is proportional to the 
reduction ratio — less gearing efficiency — 
and output speed is reduced accordingly. 
Gearing will also improve the positional 
resolution of a motor. It is especially sig- 
nificant for steppers because the gearing 
reduction reduces the reflected inertia of 
the load on the motor. For instance, if load 
inertia is J, then reflected inertia on the 
motor is — where n is the reduction ratio. 


LOAD ASSESSMENT 


Ultimately, the programme for any motor 


relating*to the job to be performed. The 
relationship that has to be considered in 
selecting a controller is the load that acts 
on the motor and the motor’s characteris- 
tics., Note the speed/torque relationships 
between the stepper and dc motors of 
similar input power in Figure 4. 

There are three common motor loading 
conditions: frictional, inertial, and lead- 
screw applications. Although we are con- 
sidering the load on a stepper, don’t over- 
look the fact that a servo may deliver a 
smoother and better performance in some 
situations. For lead-screw duty, the pitch 
of the thread, the screw’s diameter and 
length, as well as the type of thread, all 
affect motor loading. 

In relating controller to motor duty 
ensure that there is sufficient capability to 
handle load travel per step of motor rota- 
tion, provided different motor speeds for 
acceleration, and also to take care of slew- 
ing speed. As far as resolution and accu- 
racy are concerned, they are primarily 
functions of the motor rather than the con- 
troller. Generally, controllers are able to 
provide more precise positioning inform- 
ation than most steppers are able to deliver 
under actual operating conditions. 


Figure 4 is a graph showing the speed/torque 
curves for stepper and dc motors of similar input 


controller will be based on information | power. 
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BUILD YOUR OWN... 


LOW COST ROBOTS 


Richard Sargent, in the first of a series of articles, describes the construction of 


robots using LEGO® building bricks. 


As the cost of chips and computers stead- 
ily falls (notwithstanding temporary hic- 
cups in the TTL market), the wide disparity 
between the price of the micro itself and its 
real-world interface and hardware 
becomes all too apparent. However, there 
is a way to start experimenting with robots 
and machines which requires only a small 
initial outlay of cash. 

The modular building systems are per- 
fectly capable of being made into small and 
useful robots, and this series will use LEGO 
bricks to prove the point. The LEGO 
system has come a long way since its early 
days as a building block toy, and can be 
quickly used to construct highly accurate 

| pieces of equipment. This series will 

| describe four robotic “things” which can 
be built from a reasonably modest selec- 
tion of engineering LEGO. Once you have 

| experimented with a particular robot, it can 
be dismantled and the pieces used on the 
next project. 

The series will progress from simple 
interfacing, software and models to fully 
operational pieces of equipment, which 
will include a floor-roaming BUGGY and a 
multi-axis ARM. 


Most small demonstration robots rely upon 
low-geared motors and solenoids to drive 
them. The series will avoid solenoids, since 
they are difficult to obtain, tricky to fit and 
consume a great deal of power. All move- 
ment will be instigated by the common 
low-voltage DC motor, or which there area 
great many to be found cheaply, either new 
or second-hand. The preferred motor is the 
4.5V LEGO motor, which runs well from 
three “C” size batteries. There is scope in 
the design of the robots to use some 
motors other than the LEGO ones, and at 
voltages other than 4.5V. Wheat is essen- 
tial though, is that the motors are low- 
geared, and the combined use of mechan- 
ical gearing and software speed control 
can usually bring about the desired motion. 


DEGREES OF FREEDOM 


Most robots have a multitude of motors 
which simultaneously control their moving 
parts, and this is especially so in the case 
of the arm robots. The point where one 
rigid part is fixed to another is called a joint 
or axis, and each axis is said to give the 
robot one degree of freedom because it 
allows the parts fixed at the joint to move in 
acertain way. An interesting arm robot may 
have six or seven degrees of freedom, but 
remember, each axis requires a motor to 
drive it. Positioning six or seven motors 
represents a fair engineering problem, and 
to the home constructor, a significant 
financial outlay. 
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PARALELL 1/0 
og: CENTRONICS 


Figure 1. Block diagram of the robot's electronics. 


The robots in this series will require 
between two and four motors, and to help 
reduce costs the possibility of mechanical 
interface between low cost motors (such 
as those found in toy cars from the Far 
East) and Technical LEGO will be discus- 
sed, and methods described. 


ROBOTIC WALL BUILDING 


The first project concerns a small mobile 
robot which is blessed with two degrees of 
freedom and has a liking for building and 
rebuilding brick walls. You will need two 
LEGO motors and various other LEGO bits 
and pieces to build it, and the computer will 
be able to control it by using BASIC 
through a Centronics or similar input/out- 
put port. The block diagram of the elec- 
tronics is given in Figure 1. Before giving 
the parts list for the LEGO Wall-builder, 
some further general comments on LEGO 
bricks as a building medium might prove 
useful. 


GETTING IT TOGETHER 


A good starting point is to obtain a LEGO 
Catalogue for 1984*, which, apart from 
having a wealth of information on kits a 
million miles removed from the subject of 
electronics, has all the reference numbers 
of all the (robotically) important LEGO kits. 
It also has a useful order form which will 
allow you to get those ever-so-important 
pieces of which no kit ever seems to have 
enough. Table 1 describes some of the 
LEGO kits which contain accessories 
rather than models. It should not be 
regarded as a parts list for the projects, but 
merely as a guide to what’s available. 
These kits are available from toy shops, 
departmental stores and mail-order com- 
panies. Table 2 lists some of the useful 


“LEGO is 4 ragistered trade mark 


spares which can be ordered.direct from 
LEGO UK. 

It is anticipated that constructors will be 
inventive and improvise with Lego and 
other suitable materials that come to hand, 
in the best British tradition. Next month's 
Wall Builder will require two geared motors 
of the type found in kit 107, some type- 
1230 chain link and some assorted gears | 
and beams. Full constructional details will 
be provided to enable you and your robot | 
to drive yourselves up the wall! | 


TABLE 1. Some useful kits. 


Geared motor and accessories. 
Ungeared motor and accessories. 
STARTER SET with ungeared 
motor. 

BASIC SET with geared motor. 
Reduction gearing set. 
Technical beams. ‘ 

Rails. 

Base plates (also 840, 302). 
Small plates (also 822). 

Bricks 


Round bricks. 
Turntable. 

Technic beams & plates. 
Technic long beams. 
Assorted axles. 
Assorted gears, pulleys. 
Rack, specialised bits. 
70 links of narrow chain. 
54 links of broad chain. 
Two 82mm dia. wheels. 
Beam pivots, axle joiners etc. 


Available from: Spares Service, LEGO UK, 


Wrexham, Clwyd LL13 7TQ. 
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How to design and 


build your own custom 
robot 


by David L. Heiserman 

Tab Books Inc. 

(Distributed by Foulsham 

and Co.) 

Paperback 462 pages £12.60 
First published 1982 


This book is not, | am relieved to say, 
the type of American text which 
| gives page after page of engineering 
details about axles and gearing and 
other boring stuff with a view to 
creating one specific wheeled-robot 
which runs from an out-dated com- 
puter. On the contrary, the book 
includes plans for a variety of micro- 
processor robot systems, with 
thorough explanations of the elec- 
tronic hardware which make up the 
various sensing and driving ele- 
ments of the average robot. Mr. 
Heiserman is at pains to point out 
though, that what is commonly 
called “ROBOT” is in fact a 
“PARABOT”. A parabot is a 
machine that lacks an element of 
autonomy or self-determination — in 
other words it is controlled directly 
by ahuman operator or indirectly by 
means of a prescribed program. So 
the book describes the building of 
parabots, and gives a little inform- 
ation on the vastly more compli- 
cated subject of true robots. 
Personally, | don’t care for this 
American habit of inventing new 
names for things, but if you can for- 
give Mr. Heiserman for throwing Al 
(Artificial Intelligence) out of the win- 
dow in favour of EAMI (Evolutionary 
Adaptive Machine Intelligence) then 
you will get on well. To be fair, he 
does argue his case and dispense 
with these matters of nomenclature 
in the introductory chapter. To me, 
little things that trundle around the 
floor under computer control are 
Robots. 


en 


The information contained in the 
book is substantial, but the author 
does assume that the reader has a 
background in basic electronics and 
an understanding of certain funda- 
mental points. For example, source- 
code listings (8080/8085 & 280 
code) are given towards the end of 
the book to illustrate certain 
routines, and although they are 
accompanied by good flow-charts, 
they assume the reader has a sound 
grounding in machine code 
language. 


BOOK 
REVIEWS 


Robotics books are spawning like 


rabbits in spring. 
practical tomes. 


The electronics are presented ina 
clear and modular fashion, and use 
common integrated circuits, trans- 
istors and other components. The 
fact that the book is an American 
publication shouldn't matter too 
much as mains voltages and UHF 
modulation don’t impinge on the 
subject matter, but the British 
suppliers thoughtfully provide a little 
pamphlet entitled “Using American 
handbooks in Britain” which deals 
with colour-codes, wire gauges and 
screw sizes etc and this should 
ensure that the reader doesn’t get 
stuck when ordering supplies. 

Equations accompany the circuit 
diagrams, enabling you to work out, 
for example, the relationship 
between the motors and the bat- 
teries that you have chosen to use. 
Since you won't be running your 
floor robot from penlight cells, the 
early chapters of the book deal with 
selecting your batteries (Lead-Acid 
types probably) and the _all- 
important battery charger. Elec- 
tronic charging systems are dealt 
with, as are low power detection 
systems and, naturally, a system 
which sends the robot hunting for a 
recharge station when it feels weak. 
This, | understand, is called a “Nest 
search”. Motor driving and stall- 
sensing circuits are dealt with in 
great detail and you will find a wealth 
of information on speed control in 
particular. The theory of magnetic, 
optical and electro-mechanical 
sensing schemes are covered in 
detail, but apart from a few con- 
structional hints, the user is left to 
devise his own plans for jointed 
arms and grasping hands. Range- 
finding, speech synthesis and 
voice-recognition circuits are not- 
ably absent, and this is perhaps the 
only indication that the book is some 
four years old, being now in its 
second printing. 

Details are given for connecting 
the robot to a microprocessor, ROM 
and RAM, and the circuits, pin 
designations and ideas are very 
sound, except that the RAM 
memory chips specified are some- 
what dated. At today’s prices it 
would probably be cost-effective to 
tuck a converted 16K Spectrum into 
the beast, and merely concentrate 
on building the I/O circuits. If you 
wish to build a substantial floor- 
roaming robot, this book will give 
you a flying start. 
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We review three 


Chips, Computers and 
Robots 

by Judy Allen 

Puffin Books 

Paperback 95 pages 95p 
First published 1982 


This strange little book, revised in 
1984, is a brief introduction to chips, 
computers, robots “and beyond”. 
Puffin Books would have the reader 
believe that it is a “straightforward, 
fascinating explanation of micro- 
technology”. Straightforward it may 
be, but fascinating it is not. 

tam somewhat at a loss to decide 
who the book is intended for. Puffins 
are usually aimed at the lower age 
ranges, but the author certainly 
doesn't use a style one would 
expect when communicating to 
children — the chapter on chip- 
manufacture is a case in point. The 
line drawings, which occupy about 
40% of the book are uninspiring and 
not always relevant. 

However, Judy Allen appears to 
cover a lot of ground, without 
actually revealing too much. The 
omission of any discussion on the 
home micro, the school micro and 
the tremendous upsurge in hobby 
microelectronics generally is a 
major flaw and might suggest that 
the origins of the book lie in the 70's. 


pe Hou To 
DESIGN & BNL 


The section on robots is really 
nothing more than a catalogue of 
the various types of machine, but 
here, too, the text is strangely 
flawed, and it is sometimes difficult 
to separate the fact from the fiction. 
The household robot designed by 
Quasar Industries in New York in 
1977, which received much pub- 
licity at the time, was, if | recall 
correctly, nothing more than an 


elaborate publicity stunt. This is not 
made clear when it appears in chap- 
ter 31 “The housework robot”. 

As light reading, the book is 
innocuous enough, and may well 
serve a useful purpose in whetting 
your appetite for further study. As an 
explanation of microtechnology, it 
leaves a lot to be desired. 


What robots can do | 


and how they work 


by Tony Potter and Ivor Guild 
Usborne New Technology 
Series 

Paperback 48 pages £1.99 
First published 1983 


Usbome issue a large range of 
colourful paperback books on 
technology and computer-related 
subjects and this is certainly one of 
their best. It is up-to-date, interest- 
ing and unpatronising in its 
approach to the subject. 

The book begins on a sound note 
with the information that the word 
“robots” was first used some 60 
years ago by a Czechoslovakian 
playwright, and is not an invention of 
Hollywood. The limitations of pre- 
sent-day robots are explained, and 
the problems of designing that 
much sought-after beast, the 
household robot, are carefully 
pointed out. All the robots that 
youngsters are likely to meet in 
schools are mentioned, a few in 
some detail, and the industrial, milit- 
ary and scientific robots get their fair 
share of attention too. NASA is not 
forgotten: the topical Remote Man- 
ipulator System (that’s the Space 
shuttle’s arm, by the way) is well 
highlighted but, sadly, the more 
sophisticated Mars Lander is men- 
tioned only in passing. 

Part of the Usborne style is to give 
coherent slices of information in 
two-page spreads, and the pages 
on “How arm robots work” and 
“Types of arm robot" are particularly 
well presented. To have “degrees of 
freedom” and, “working envelopes” 
so Clearly explained is a very wel- 
come feature. 


Driving, sensing and computer 


control are explained, and the dif- 
ficult concepts of artificial intelli- 
gence and related topics (pattern 
recognition for example) are treated 
carefully. 

Usborne books are not for 
armchair readers. There are always 
suggestions for “things to do”. This 
book has a number of projects. 
There is a zero-cost pneumatic 
hand gripper made from everyday 
household objects, or for the more 


adventurous there are plans for a | 


simple floor turtle which can be 


interfaced to a micro. Full construc- | 


tional details are given, and there is 
a BASIC turtle-driving program pro- 
vided for the BBC, VIC, ZX81 and 
Spectrum home computers. 


This book is available on its own 


or as part of a 144 page “New 
Technology” compendium and it 
gives a very complete introduction 
to the exciting world of Robotics. | 
can thoroughly recommend it. 
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